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NECHANICAL FEATURES OF ELECTRIC TRACTION. 

- 
EY MR. PHILIP DAWSON, OF LOXDON. 

Introductory.-Previous to discussing certain special Mechanical 
Features which enter into the design and construction of an Electric 
Traction system, a few figures may be quoted for showing the 
importance of the subject in general. 

Table 1 shows the mileage of tramways in America for the six 
years 1890-5. It is seen that rope traction continued to estcnd up 
to 1894; since that time its importance has diminished. I n  San 
Francisco, Los Angeles, Minneapolis, Denver, St. Louis, Pittsburg, 
Philadelphia, Baltimore, and other American cities, electric traction 
has been substituted in place of ropes. 

Table 2 ,gives the electric tramway mileage in Europe at 
the end of 1896. I t  will be seen that Great Britain is yet much 
behind Germany. This is especially remarkable, because the 
regulations of German local authorities are generally much the 
more severe. Electric trolley roads are now to be found in the 
oldest and handsomest of German cities. 

Tablc 3 shows the great financial importance of tramways as 
compared with railways in America. Tho passenger trafic on the 
tramways is six times greater than that on the railways; and the 
ratio of working expenses to receipts is lower for the tramways than 
for the railways. The gross earnings of the tramways in the United 
States are approximately 50 per cent. of the passenger earnings of 
the railways, and 15 per cent. of the total earnings of the railways, 
whereas the tramway mileage is only about 6 per cent. of the 
railway mileage. A highly important fact is that tramway receipts 
are found to be practically independent of good or bad trade, and 
not to depend on the prosperity of the country. 
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TABLE 1.-Mileage of Tramways in Anzericu, 
and number of Cars, during six years 1890-95. 

Uileoge 

Electric . . 
Horse . . . 
Rope . . . 
Steam . . . 

Total Miles . . 

Number oj  Ca78 

Electric . . 
Horse . . . 

Rope . . . 
Steam . . . 

Total Cars . . 

1890 

Miles 

2,523 

5,400 

510 

604 

9,037 - 
Cars 

5,592 

21,970 

3,795 

751 
-- 
32,108 

1891 

Miles 

4,061 

5,302 

594 

642 

10,599 - 
Cars 

8 ,892 

21,798 

4,372 

815 

35,877 

1892 

Miles 

5,939 

4,460 

646 

620 
-- 
11,665 - 
Cars 

13,415 

19,315 

3,971 

698 

37,399 

1893 

Milcs 

7,466 

3,497 

657 

566 

12,186 - 
Gals 

18,233 

16,845 

4 ,  SO5 

616 

10,499 

IS91 

Miles 

9,005 

2,243 

662 

614 

12,527 - 
Cars 

24,849 

11,507 

4,673 

639 
-- 
41,668 

TABLE 2.--Mibage of  Electric Tramways in Europe, 
and number of Cars, and Horse-power, at end of 1696. 

Country. 

Germany . . . 
France . . . . 
Great Britain and Colonies 
Austria and Hungary . 
Italy . . . . 
Switzerland . . . 
Belgium. . . . 
Russia . . . . 
Other countlies . . 

Miles of 
Tramray. 

618 
67 

167 
120 
50 
30 
90 
30 
30 

_____._ 

Number of 
Cars. 

1,545 
180 
269 
265 
149 
83 

157 
s7 
50 

1895 

Miles 

12,583 

1,232 

599 

519 

14,933 - 
Cars 

36,121 

5,420 

4,871 

2,957 

49,369 
__ 

Horse-power. 

13,810 
4,200 
9,617 
5,060 
2,460 
1,570 
2,550 
1,150 

111 
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Passengcrs 
carried 

-- 
544,000,000 

3,000,000,000 

775,200,000 

480,000,000 

-I_ 

TABLE 3.-Compa&on of Railways and Tranawags 
in America and in England. 

G f :  Per ceni 

.z R 2,354,200,000 

2 T 280,000,000 

15&000,000 70 

Q 

TABLE 4.-Cost of Tramwaijs 
in small and large towns in  &!assachusetts. 

Per mile of single line. 
Construction and equipment . . . . 
Other permanent property . . . . 
Total cost . , . . . . . 
Capital investment . . . . . . 
Passengers carried, total . . . . . 

,3  ,, per mile . . . . 

Springfield. 
24,939 
21,761 
26,700 
26,197 

10,163,011 
180,547 

West End. 
211,323 
2 7,959 
.€19,282 
E20,152 

166,862,288 
648,568 

TABLE 5.-Passengers carried on Tramzuays and on Railways. 

Worked by Horscs only . . . miles 
,, ?, Electricity only . . miles 
,, ,, Horses and Electricity . milcs 

Total Income . . . . . . S 
Dividend . . . . . per cent. 
Passengers carried, total . . . . . 

9 9  ,, by Electricity . , . 
,, ,, by Railway . . . 

,, cxcess by Electricity . . 

1895 
61.799 

1,002.756 
22.62 

2,649,274 
5.76 

259,794,308 
205,866,134 

53,028,174 
151,937,0FO 

1896 
35.132 

1,241.363 
14.54 

2,980,188 
5.87 

292,358,942 
236,544,417 

55,814,525 
180,729,592 
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Year. 

-- 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 

Year. 

1887 
1888 
1889 
1890 
1891 
1892 
1893 
1891 
1895 
1 896 
- 

TABLE 6.-Grotulh of Hassuchusctts Tranzzvuys during ten yeam 1887-96. 

44 470.27 470.27 
46 533.59 533.99 
46 574.17 523.65 
48 612.38 451.52 
56 672.45 383.42 
61 754.85 
60 874.14 
68 9’28.84 103.87 
75 1077.99 61.80 
83 1276.75 35.13 

Miles equipped 
for Electricity. 
-_I-- 

- - 
50,52 

160.86 
289.03 
496 * 30 
711*08 
824’97 

1016.19 
1241.62 

Passengers carried. Pcl.sons 
cmployccl. Car-IIiles run. 

124,787,328 
134,478,319 
148,189,403 
164, 873, 8-16 
176,090,189 
194,171,942 
213,553,003 
220,464,093 
2.5!1,7!)4,305 
202,355,913 

20,623, 846 
23,241,767 
24,259,491 
26,516,937 
27,670,166 
29,678 036 
31,507,282 
36,722,97S 
43,655,560 
53, 613,685 

5 222 
5,531 
6,302 
6,246 
6,449 
7,185 
8,070 
7,451 
8,045 
9,1:j0 

Cost of 
Construction. 

23,524 
3,384 
3,236 
3,467 
3,584 
3,904 
5,358 
5,349 
4,797 
4,679 

~~ 

Cars. 

2,633 
2,588 
2,942 
3,247 
3,491 
3,679 

4,055 

4,913 

4,010 

4,12(i 

Cost of 
Equipment. 

$1,666 
1,461 
1,576 
2,131 
2,323 
3,043 
2,347 
2,305 
2,096 
1,961 

~~ 

Horscs. 

11,871 
11,391 
11,817 
11,241 
10,640 

6,734 
3.531 
2,014 
1,436 

87s 

Capital 
investment. 

$6,534 
6,461 
6,781 
7,65L 
8,178 
9,230 

10,673 
10,592 
9,820 
9,278 

Motors. 

- - 
- - - 
- 

3,013 
3,906 
4,704 
5, !I58 
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Tables 4,  5, and 6 have been compiled from the official reports of 
the Massachusetts Board of Railroad Commissioners. Massachusetts 
more closely resembles England in the habits of the people and in 
local conditions than any other State of the Union. Table 6 shows 
the rapid increase of passenger traffic and mileage. Table 4 
shows the difference in cost of completely equipping tramways in 
small and large towns, varying from Z7,OOO to Z20,OOO per mile of 
single line. Table 5 shows that as passenger carriers tramways 
play a much more important part than railways. I t  is demonstrated, 
not only in America but also in England and on the Continent, that 
wherever an eleotric tramway runs parallel to a railway the tramway 
will secure practically all local traffic. I t  has been frequently urged 
that mechanical motive power on tramways is dangerous to the public 
safety. In  America, where comparatively high speeds are allowed, 
the Railroad Commissioners report that the proportion of passengers 
and employ& killed during the last two years of electric working 
appears to have been about the same as with the use of horse-power 
i n  1888. 

For all practical purposes the present subject may be considered 
under the three headings of outside work, rolling stock, and power 
station. 

Outside Work.-Tires.-The overhead line of conductors or 
trolley wires may be supported either by brackets attached to 
poles or to houses, or by a transverse span-wire stretched across the 
track between poles or rosettes fixed to house-fronts. For the sake 
both 'of appearances and of smooth running, the conducting 
or trolley wire should be strained as tight a8 is consistent with 
its tensile strength and with the minimum temperature which 
obtains in the locality. The best practice does not allow more 
than 2,000 lbs. strain on a No. 0 Brown and Sharpe (0.325 inch 
diameter) hard-drawn copper wire at the lowest temperature to 
which it will be exposed. With this limit the strain to be put 
on the wire when erected can be easily ascertained from tables. 
For fixing the maximum sag to be allowed for the cross or span- 
wire in spans ranging from 30 to 120 feet, the curves given in Fig. 1, 
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Plate 1, are useful, showing tho corresponding pull produced upon 
the poles by a seven-stranded steel span-wire, 5-16th~ inch diameter, 
carrying in 6he centre of its sag a single conducting or trolley wire 
of copper, 0.325 inch diameter, having a span of 125 feet between 
successive cross or span-wires. For  the longitudinal or conducting 
copper mire a rough but safe rule in this country, where rarely more 
than 20" Fahr. of frost is to be expected, is a sag of 0.75 per cent. 
of the span at an average temperature of from 60" to 65". The 
conducting or trolley wire should be of absolutely even quality, and 
supplied in lengths of slightly over half 5 mile. The joints should 
be silver-brazed in the copper ingot before it is rolled. The 
diameter of the copper wire should not be allowed to vary more 
than 0*0004 inch ; its breaking strain should be at the rate of 
56,000 Ibs. or 25 tons per square inch. For the cross or span-wire 
it is necessary to determine both the height of the eye-bolts from 
which it is suspended, and also the sag. In Table 7 are given 
data of galvanized steel span-wires generally used. 

Poles.-Upon the amount of sag allowed for the span-wires 
depends the strain which the side poles must stand. Round curves 
these strains are often great, and tubular poles composed of ordinary 
pipes wedged together by liners are useless. In  Table 8 are given 
certain data of standard poles specially designed for this work. All 
poles must be of such strength that when in position they wil l  stand 
without permanent set the greatest side strains to which they may be 
subjected. Terminal poles and pull-off poles on curves should be the 
strongest. Ordinary side poles must stand a direct strain of at least 
500 Ibs. without deflecting more than 4 to 6 inches. Their strength 
must be sufficient to carry, besides the trolley wire itself, the additional 
weight when the wires are covered with ice and snow. The poles 
are always subject to vibration communicated from the trolley wire. 
It is of the utmost importance that joints should be well constructed : 
which renders it necessary that the several lengtlis of the pole should 
be sweated together as shown in Figs. 2 and 3, Plate 1. The 
joint is made by heating the outside pipe to a welding heat, slipping 
it over the inner pipe, and then passing the two together through 
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wire-gauge No. 

inch 
Thickness of Tire 

Number of strands 

Tots1 approximate diameter inch 

Weight pcr hundred feet run lbs. 

Tensile strength absolute lbs. 

TSBLE 7.-Gatuanized Steel Span- Wires. 

15 12 11 ‘ 10 

0.070 0.110 0.120 0.135 

7 7 7 7 

1-4th 5 1 6 t h ~  3-8ths 7-16th~ 

10 21 29 36 

1,600 3,360 4,610 5,720 

Total 
Weight. 

TABLE 8.-Standard Tubular Poles. 

I 

I 
Free from ! 

Permanent 
Set at  

Total 
Length 
of Pole. 

- 

Total 
Weight. 

Length and outside Diameter Total 

Length of three component Pipes. 
of Pole. 

Feet. Feet. Inches. Feet. Inches. Feet. Inches. Lbs. 

29 1 G 3  x 10 8 x 8 7a x 7 1,503 

30 17 x I0 84 x 8 7f x 7 1,552 

31 17 x 10 94 x 8 76 x 7 1,593 

281 16 x 8 8 x 7  7f  x 6 1,193 

298 16 X 8 9 x 7  74 x 6 1,221 

30 17 x 8 S) x 7 7) x 6 1,259 

991 769 

28i 16 x 7 8 x 6  7 f x  5 

293 16 X 7 9 x 6  ‘it x 5 

998 30 17 X 7 8 4 x 6  7 2 x 5  

283 16 X 6 8 x 5  7 4 x  4 699 

293 IG x 6 9 x 5  7: x 4 613 

Length and outside Diameter 
of three component Pipes. 

I 
Free from 1 

Permanent 
Set at  

I 

Lbs. 

4,500 

4,400 

4,200 

3,400 

3,200 

3,150 

2,000 2’ooo I 
1’800 I 
1,200 

1,000 
I 

1,200 

1,000 
I 

‘ Feet. 

29 

30 

31 

281 

298 

30 

284 

i 29g 

28i 

29g 

30 

Feet. Inches. 

1 G 4  x 10 

17 x I0 

17 x 10 

16 x 8 

16 x 8 

17 x 8 

16 x 7 

16 x 7 

17 x 7 

16 X 6 

IG x 6 

Feet. Inches. 

8 x 8  

s * x  8 

9 4 x  8 

8 x 7  

9 x 7  

S J X  7 

8 x 6  

9 x 6  

S i x  6 

8 x 5  

9 x 5  

Feet. Inches. 

7 a x  7 

7 f x  7 

7 6 x  7 

7f  x 6 

7 4 x  6 

7 ) x  6 

7 f x  5 

‘it x 5 

7 ) x  5 

7 4 x  4 

7: x 4 

1,503 

1,552 

1,593 

1,193 

1,221 

1,259 

769 

991 

998 

699 

613 

Lbs. 

4,500 

4,400 

4,200 

3,400 

3,200 

3,150 

2,000 

2,000 

1,800 

F 
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special rollers. After completion, if a piece is cut from the joint 
between A and B, the two pipes will be found solidly welded together, 
the joining line AB having entirely disappeared. This is known as the 
‘‘ S S S ” joint, the abbreviation meaning solid, swaged, and sweated. 
The tubes used in making poles are all lap-welded, and the larger 
sizes are also riveted along the seam with countersunk rivets. The 
lengths of pipe are so put togetbcr that  the seams of each consecutive 
length are 1 3 0 O  apart, Fig. 4, when the poles are mado in three 
lcngths, as is generally the case. I f  joints are not so made, the pole, 
instead of bending uniformly as shown in Fig. 5 ,  after a short time 
gives at the joints, as shown in Fig. 6. Poles constructed with 
S S S joints can be accurately calculated to stand any determined 
strain without exceeding a fired temporary and permanent deflection. 
This is not possible with other joints, which always give trouble 
sooner or later. 

For the standard poles used at Bristol and Dublin five sizes are 
required, all 31 feet long, and set in the ground to a depth of 6 feet. 
No. 1 has to stand a lateral strain of 350 Ibs. applied at top, with 
maximum temporary deflection of 6 inches ; and a strain of 700 lbs. 
with maximum permanent deflection of f inch. For tho four others 
the corresponding limits are :- 

No. 1 . . 350 Ibs. wit11 6 inches, and 700 Ibs. with 3 inch. 
No. 2 . . 500 ,, ,, !, 3 3  1,000 2, 9 ,  

No. 3 . . 700 ,, ,, 9, 1, 1,200 Y, >, 
No. 4 . . 1,000 ,, 9, 9 ,  7 9  1,700 9, >, 
No. 5 . . 2,000 ,, ,, ,, 9 9  2,600 ,, ,Y 

The poles are required to be as nearly round as possible. A difference 
of 1 4 t h  inch between maximum and minimum diameter is all that is 
allowed. I n  order that they may all be as nearly uniform as 
possible, 1-16th inch more or less than the prescribed dimensions is 
all that is allowed. Tho greatest distance out of the true that is 
allowed at the top of the pole is 1-4th inch. Ten per cent. of each 
lot of poles are tested; should three poles fail to  come up to the 
requirements, the right is reserved to reject the entire lot. The 
poles arc dropped thyee times, butt foremost, from a height of F feet 
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upon some solid substance ; after which they must show no signs of 
telescoping or loosening in the joints. 

InsuZators.-Insulators must be mechanically strong, and the 
insulation protected by a metallic covering from external injury. 
Special insulators have been designed for every variety of service, 
samples of which are exhibited. For ordinary tramway service the 
wire is usually soldered into the gunmetal ears of the insulators ; but 
the heavy ‘‘ figure 8 ” wire, used for light railways and high-spced 
lines, is supported by mechanical clips. Occasionally an extra heavy 
round wire is used, 9-16ths inch diameter, which is then milled 
out by a portable tool at  the points of support, in order to afford a 
proper grip for tho mechanical ears, as shown in Fig. 7, Plate 1. 

Rolling Stock.-This can be subdivided into car-bodies, trucks, 
motors, and their accessories. The bodies possess no special 
features, except that all framing must be extra strong. 

TrueiFs.-The supply of suitable trucks for both motor and 
trailer cars is of the utmost importance. The introduction of 
electric traction has revolutionised the construction of running 
gear. In  former days, when horses and mules were the only motive 
power for street cars, i t  was considered quite sufficient to support 
the car body upon a single set of springs Carrie3 by the axle-boxes, 
a simple bar being often the only connection between the two sets 
of wheels. The adoption of electric power, and of cars equipped 
with single or double motors, added immensely to the weight carried 
by the axles, and rendered i t  necessary to adopt efficient methods 
for cushioning and suspending the motors over the axles, while 
maintaining a rigid connection between motor and axle. At first 
the motors were rigidly attached to the bottom of the floor of the 
car body. This construction did not prove a success, for both car 
floor and motor deteriorated rapidly, and access to the motors was 
also difficult. 

Experience demonstrated that the only effective plan was to 
attach the motors to an independent truck-frame, and to have all the 

F 2  
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mechanism of the car entirely independent of the car body. For this 
purpose an independent truck was introduced, consisting of pedestals 
secured by centre bars ; upon the pedestals the motors were suspended 
by cross-bars connecting the side frames of the truck together. 
While these trucks supported the motors independently of the car 
body, they did not properly support the car body itself, which had 
increased in length and width. The incrcased length and width of 
the electric car, together with the increased speed at which it ran, 
rendered a stronger and longer truck necessary. At first the old 
street-car pedestals mere fastened to a separate pair of sills. The 
axle-boxes still played up and down in these pedestatls to the full 
extent of the motion of the car body. This device proved insufficient. 
The next step in advance was to secure the pedestals carrying the 
axle-boxes to side frames, which carried the springs supporting the 
car body. This construction however allowed excessive swaying 
of the car body, owing to the fact of the connection between the 
wheels and the body not being sufficiently rigid. Moreover no 
provision had been made for easily removing the wheels, which 
required the truck to be practically taken to pieces. The brakes 
were hung to the upper chord of the truck, tho effect of which was 
that, when the springs were compresued, the brake shoes dropped 
lower on the wheels, changing the distance between the shoe and the 
wheel. 

The introduction of mechanical motors, occupying so little 
room that a capacity of fifty or sixty horse-power can readily be 
placed in the space allowed by the truck, has led to a large 
increase in the weight of the car body, and a consequent lengthening 
of the wheel-base. The modern electric-car bodies carried on 
four wheels are seldom shorter than 18 feet ovcr the end panels, 
and sometimes reach 22 feet length, exclusive of the platforms, 
while the whole length of the car over the platforms is from 30 
to 32 feet. This increaee of nearly 25 per cent. in the length 
and more than 25 per cent. in the weight of the bodies has been 
accompanied by an increase of only about 20 per cent. in the 
wheel-base of the trucks. AS a result, a long and rigid spring-base 
is an absolute necessity for a modern electric truck. Without this, 
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the whole stress of carrying both the dead weight of the car and 
platfcrms and thc fluctuating weight of the load would fall on thc 
car sills and body, and the motion of the car would continually 
wrench and strain its framing. I n  the conditions met with in  
street service the wheel-base cannot be lengthened much over 7 or 
7$ feet; and on this account a long spring-base must serve the 
purpose of an increased wheel-base for the long cars now employed. 
To obtain easy riding it is necessary that all the springs should 
be sufficiently light to obviate vertical motion in the car body; 
consequently these light springs, in order to prevent excessive 
motion of the ends of the car, must be carried out just as far apart 
as it would be necessary to carry the wheels if the old horse-car 
arrangement mere adopted for the modern long-car bodies. 

To secure the neccssary rigidity of the long side-framcs, and at 
the same time keep their weight within reasonable limits, different 
plans have been adopted. In earlier designs it was attempted to 
overcome the difficulty by casting the pedestal and overhang in one 
piece, and lengthening the joint between thcse castings and the bars, 
connecting them as shown in Fig. 8, Plate 2, which represents one of 
the early forms of the extended spring-base. Another method consisted 
in trussing the overhang with straining rods running over the tops 
of the pedestals, Fig. 9, and provided with turn-buckles for taking 
up the strain as the overhang worked down ; but turn-buckles slack 
off, and the bolted joints wear loose, and a continual wear and rattle 
was the result. Sumo makers constructed the side frames of the 
truck in one piece, by bolting heavy centre-bars to the pedestals. 
Others again forged the side frame of the truck, and welded the 
whole together into one piece. But these designs have not proved 
sufficiently strong to support properly the permanent pressure upon 
the ends of the overhang, whcn the overhang is carried out to the 
length of the modern car-body. 

The demand for this special class of work brought out a host of 
devices, of which ten years’ experience has sifted the useful from the 
useless; and it may be fairly stated that the chief prineiples 
involved in the design of a thoroughly good motor-truck, fulfilling 
all or most of the conditions imposed by electric traction, have now 
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been fully recognized, with the result that thc electric motor-truck 
has been matured to a standard form. Truck building has become 
an independent business in America, although many car works still 
make some form of truck for themselves. Rigid frames had been 
employed in trucks for cars driven by gas, steam, compressed air, 
or cable grip; but in all of these the conditions are entirely different 
from those in electric motor-cars. This experience was dearly 
bought by some of the earlier electric tramways, as was testified by 
many a scrap-heap coinposed of trucks which, after running but a 
few miles, had to be discarded. 

The quality of the motor trucks may mean the success or failure 
of an electric tramway; and to secure a good truck is quite as 
indispensable as to use a well-constructed and efficient motor. A 
motor truck comprises many parts, the most important of which are 
the side frames, springs, wheels, axles, boxes, bearings, motor 
bearings and suspension, sand-boxes, brakes, and safety appliances. 
The following are the essential conditions which must be 
fulfilled by a truck in order that it may be suitable for electric 
traction :- 

1. The truck must be as light as possible, consistently with 
rigidity and strength. 

2. It must be thoroughly braced, so as to keep i t  stiff and square 
without having to depend in any way on the car body. The strains 
on a motor car in rounding curves, and when passing a change of 
gradient, are extremely severe : much more so than with horse-cars, 
where the horses pull the car round on curves, and go slower at a 
change of gradient. 

3. The journal-boxes must be self-lubricating, must require but 
little attention, and must be dust-proof. 

4. The brake action must be simple, effective, and easily 
adjustable ; and the brake shoes must admit of being replaced at  a 
moment’s notice, and must be mounted in such a way as not to be 
influenced by the vertical motion of the car. 

5. The truck must be constructed in such a manner as to render 
access easy to all parts; and to admit of motors, wheels and axles, 
journal-boxes, brake-gear, and other parts, being easily removed, 
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without having to dismember the truck. Cross strains on bolts 
should be avoided as much as possible. 

6. The car body must be attached to the truck in such a manner 
as to be readily removed on loosening a few bolts. 

7. Springs must be arranged so as to render the running of the 
car as smooth when empty as when fully loaded, and to prevent the 
pitching and rolling motion to which street cars are so liable on 
sharp curves and rough roads. This is a highly important point, not 
only for the comfort of the passengers, but also to prevent rapid 
deterioration of the car wiring and car bodies ; deterioration of the 
wiring is likely to cause grave results to the motors by producing 
short circuits. 

8, An appropriate choice of whccls is most important. 
There are three different kinds of trucks : the rigid four-wheel, 

the radial six-wheel, and the four-wheel bogie for eight-wheel cars. 
Of these three however only tho first and third are generally used, 
the radial truck not having given the satisfactcry results which werc 
expected. 

Four-wheel Truck.-In the rigid four-wheel truck, where the 
wheel-base is naturally restricted, i t  is of the greatest importance to 
have an arrangement whereby the car body is supported as far 
outside the wheel-base as possible ; and to diminish as much as may 
be, by the judicious use of springs, the destructive effect of jolting, 
both upon the car body and upon the motor equipment. The best 
modern truck, which has been employed on all the latest and best- 
equipped British and colonial tramways, is the ‘‘ Peckham,” of which 
models are exhibited. It has been adopted by Bristol, Dublin, 
Guernsey, Clontarf, Coventry, Isle of Man, North Staffordshire, 
Dover, Leeds, Birmingham, Brisbane, Sydney, and other places ; 
and in all cases has given the utmost satisfaction. The support 
selected as the model for a truck frame is the standard cantilever 
bridge-truss, which experience in bridge building has shown to be 
the strongest form of construction. This truss principle has been 
closely followed in the construction of the Peckham truck, Platcs 
4 and 5 ; and while Various modifications in detail have been made 
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to adapt trucks to the various conditions occurring in street tramway 
practice, the characteristic bridge form of truss has been strictly 
adhered to in all of them. The cantilever truck has now come to 
be regarded as the standard for the best work in the United States, 
inasmuch as 15,000 are now in use in that country. 

As the length of the car body grows greater, the difficulty 
increases of supiIorting it properly at the ends, without increasing 
the height of the car platform above the ground. The resistance 
offered by any truss to bending varies directly as tho cube of its 
depth. If therefore the car platform were raised high enough above 
the street level, it  would be an easy matter to support the sills of any 
car effectually so that it should be impossible for them to droop at 
the ends under heavy loads. I t  is an entirely different thing 
however so to support them, when the height from the rail to tho 
lower edge of the siil is limited, as it must be in street tramways. 
Beyond twenty-seven or at most thirty inches, every inch that the 
car platform is raised above the level of the street makes i t  so much 
the more difficult for ingress and egress. This is therefore practically 
the limit in height to which the car body used for city service can be 
raised. This problem has been solved by the use of extension rods, 
in a way never before applied in street tramways. A second bridge 
truss is constructed by employing the extension rod as a lower 
member and the car sill as an upper member; and this truss is 
supported flexibly upon the main truck truss. The truss extension- 
rods, instead of terminating as heretofore at the extremity of the 
truck frame, are carried below and around its lower member, and are 
stayed to the car sill by bolts passing through the truck pedestals 
and end springs. The angle of the truss extension-rods has not been 
changed in any way to secure a longer support; but as they are 
dropped bodily lower, they give a wider base of support to the car 
body than would otherwise be possible. By this method i t  has been 
found practicable to carry upon single trucks, with a wheel-base of 
only seven feet, cars as long as  thirty-five feet, Plate 5. 

Other important improvements include the flexible gear, which i E  
so constructed that i t  allows the cantilever extension-truss to be 
built in sections : so that the portion under the journal boxes can be 
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removed when necessary fur taking out the wheels and axles, but 
when in place it makes a continuous truss. This gem also allows of 
introducing in its upper portion coil springs, for supporting the 
truck frames flexibly upon the journal boxes, thereby relieving the 
truck frames as well as the car body from the rigid metal contact 
with the rail, and also relieving the rail from the hammer-blow 
which would attend a rigid connection between the rail and the car 
body. 

Swivel Truck.-The rapid growth of inter-urban lines, upon 
which the tendency is to use long cars-and the desire on many 
tramways to use long cars for city work-have resulted in the swivel 
truck, shown in Fig. 10, Plate 2. Thisis the result not only of railway 
experience, but also of many years’ experience of electric tramway 
needs. A truck so constructed runs exceedingly easy, the weight 
being doubly cushioned by the two elliptical springs and spiral 
springs over each axle-box. The brake gear is simple, and the shoes 
are applied with a powerful leverage. The centre of gravity of the 
trucks has been brought down as low as possible ; with cars having 
straight sides, the body of the car need not be more than 27* inches 
above the rail. The wheel-base has been kept short, and the space 
between the axles kept clear, so that it is possible to mount two 
motors on the truck without difficulty. The arrangement of the 
springs on the trucks renders it possible to remove the bolster and 
elliptic springs quickly and easily, whenever i t  becomes necessary to 
examine and overhaul the motors. When this has to be done, the 
car body is simply jacked up with the bolster, and the truck frame 
can then be run out from under the car. The rivets used in the 
construction of all these trucks are driven in hot by means of 
pneumatic riveters under 30 tons pressure. 

Peckham Trucks.-The accompanying Table 9 gives the general 
dimensions &c. of these trucks and of the cars they carry on electric 
tramways in England and Ireland. By these trucks cars of ass 
great a length as 27 feet over all are carried on a wheel-base as short 
as 59 feet with no longitudinal oscillation of any kind when running. 
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TABLE 9.-Exccrnp~es of Peckham Trucks in England and Ireland. 

Weight of Car body with roof scats, 2 tons. 

Bristol. 1 Bristol Extension. 

I I I 
Dublin 

Southcnl. Where running 

16 8 

8 27 2 Length of Car body 

Capacity of Car, 

Weight of Truck lbs. 1 4,690 4,448 

over dashboards . . 
number of persons . . 

runningempty, tons 11 8 

53 
-_____-- 

Wcight of Motor Car S2 

Diameter of Axlcs, inches 32 3q 
Weight of cach Axle, lbs. 140 140 

16 8 

25 2 

53 

4,G5S 

82 
32 
153 

------ 1 Ft. Ins. i Ft. Ins. 1 Ft. Ins. 

,, ,, IVheel, 
3d'inchesdiametcr, lbs. 

Length of Whcel base . 5 G  G 6 
,, ,, TopFrame . 1 1; %, I ii i! 1 14 0 

,, ,, Spring base . 11 8 12 8 

Gauge of rails . . . 5 2,3, 

] 330 1 330 1 330 

Length of Car body }I 13 ~ 

over doors . . . . 

Dublin 
Clontarf. 
-- 

Ft.  Ins. 
6 0  

12 8 
14 0 
5 225 

16 8 

25 2 

53 

4,522 
83 

3; 
159 
303 

Lecds. 

-- 
Ft. 111s. 

G O  
13 8 
15 34 
4 89 

16 0 

26 6 

50 

4 ,  630 
-- 

Sg 
3: 
140 
322 

Plymouth 

-- 
Ft. Ins. 

5 G  
11 8 
13 2 
3 G  

14 0 

24 G 

41 

4 ,  GOO 

73 

330 

S l  

i $0 

Dover. 

Ft. Ins. 
5 6  

11 8 
13 2 
3 6  

15 0 

25 0 

44 

4,690 
s 

9' 

330 

-_ 

1 $0 

Cork. 

-- 
Ft. Ins. 

6 0  
13 9 
15 39 
3 0  

14 s 
25 2 

44 

4,450 
S 

100 
330 

-_ 

92 

Coventry. 

Ft. Ins. Ft .  Ins, 
6 6 mid 5 6 

14 0 and 11 8 
16 0 and 13 3 
3 G and 3 6 

19 2 and 14 1; 

27 S$ and 22 74 

51 and 40 

5,112 ant1 4,752 
9 and 8 
3; and 39 
110 and 110 

330 and 330 

C k 8 8  of T'ck.-I3ristol, Dublin Southcrn, Dublin Cloutarf : standard cantilcvcr cxtcnsion G C. Bristol Esteusion 
Y 

extra long 
6 E Z. Cork: irnprovcd cxtra long S C. Coycntry : cxtra long G E, and stnudard 6 C. Dover: standard cantilever cxtensiou. g 

CD rn Lcrds : extra strong No. 9. Plymouth : standard cautilcvcr cxtcnsiou. 
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For ordinary local tramways, cars of the sizes and capacities here 
given are found to be well adapted for the purposes they serve. With 
tho demand for inter-urban and railway service however, still 
longer cars have become necessary ; and practice has shown that the 
best way to carry a long car is on two trucks, each having a short 
wheel-base. As a consequence it is also required that the car body 
should. be mounted on some swivelling arrangement, otherwise owing 
to its length i t  would be severely racked in going round curves. 
On any particular route the sharpest curve is naturally a primary 
factor in determining the greatest length of wheel-base. The 
following are the maximum lengths of wheel-base advisable for curves 
of the mean radii given :- 

Minimum mean radius of curve, feet . . 25 30 40 50 60 
Maximum length of wheel-base, feet . . 6 G$ 7 7% 8 

I t  is possible to use a wheel-base of 64 feet on a curve of 25 feet 
mean radius, or a wheel-base of 7 feet on IL curve of 30 feet mean 
radius, without danger of running off the rails, provided the latter 
are laid exactly to gauge and are protected with guard rails. These 
swivelling or bogie trucks are found to require more current in 
proportion to the total weight carried than the ordinary single 
trucks, owing to their having eight wheels instead of four, with 
consequent greater wheel friction in addition to the friction of the 
two sets of swivelling plates. 

With the double truck and bogie equipment the next question that 
comes up is the number and distribution of the motors. If the weight 
of the car is equally distributed on the four axles and there is a motor 
on each axle, that is to say four motors in all, then the starting 
torque or turning moment which can be exerted before skidding takes 
place is equal to the total adhesion of the truck. But if, on account 
of the total power required or for other reasons, only two motors are 
employed, then the relative distribution of the weight becomes of the 
highest importance ; because, if the weight is equally distributed on 
all the four axles, only half the total adhesion of the truck is 
available for starting. The distribution must therefore be such that 
the greater part of the weight is carried by the axle to which the 
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motor gears. Trucks of this kind, which are called maximum- 
traction trucks, have now been in use for some time in Guernsey, 
and are shortly to be running at BIiddlesbrough. Of the models 
exhibited, one represents a four-wheel single truck, of which one 
half is of the extra long kind and the other half is of the standard 
length; and the other model represents one of a pair of double 
bogie trucks with equal traction for each axle. I n  Plates 3 
and 4 is shown one of a pair of maximum-traction trucks, on which 
the car body is supported nearer to the driving wheels than to the 
smaller wheels. By this arrangement it is possible for as much as 
80 per cent. of the weight to be thrown upon the driving axles. 

In  all bogie trucks, whether of maximum or of equal traction, the 
car body must be free to swivel round its pGint of support with 
minimum friction. With this view the motion of rubbing surfaces 
relatively to each other must be as small as possible, and all dirt 
must be excluded from them. These objects are realised by means 
of swivelling plates, of which the recessed plate is carried on the 
top of a bolster and is situated midway between the two sides of  
the car sill, 60 that the relative motion of the two plates is small 
and the leverage of the friction is reduced to a minimum, because 
the diameter of the swivelling plates is only six inches. This plan 
is obviously much superior to any side rollers, with which not only 
is the relative motion much increased but also the moving surfaces 
are exposed to dirt. 

As it  is likely that these bogie trucks will in the near future be 
required for much higher speeds, they are most carefully cushioned, 
and every precaution is taken to make them run easily round curves. 
In  the model shown, and in  Figs. 11 to 13, Plates 3 and 4, 
i t  will be seen that the car is carried on a swing bolster, to 
which the recessed swivel-plate it3 bolted, Fig. 13;  the bolster is 
supported from what is called a spring plank by three springs, two 
spiral springs at either side and a half elliptic spring in the middle ; 
while the plank itself is hung by links from a pin, which in its turn 
is supported by a cushion pocket. Thus the bolster is thrice 
cushioned, namely by the wpings on the axle-boxes, by the cushion 
pocket, and by the three springs under the bolster. 
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I n  the material used and in their general construction all these 
trucks are the same, Plates 3 to 5. The side frames are composed of 
6Oft-Steel bars, secured to malleable-iron pedestals by hot rivets driven 
in by a pneumatic riveter at 30 tons pressure. The end portions are 
supported from underneath by trusses, attached to the extreme end 
portions of the side frames and to the base of the pedestal ; and the 
truss bars are so secured in pockots that the rivets holding them in 
place me not subjected to shearing strains. The main side-bars are 
also secured in accurately fitted grooves in the sides of the pedestal 
arms, so that the downward strain comes directly upon the pedestals 
and not upon the rivets. The upper cross section of the pedestals is 
cylindrical in shape, and hollow, Fig. 14, Plate 4 ; and the pedestals 
are fitted with double-coil springs, resting upon the journal boxes and 
sustaining the entire weigxt of the truck frames, so as to relieve from all 
shocks both the truck frames and also the motors suspended therefrom. 
The openings at the bottom of the pedestals, for removing the 
journal boxes, are provided with removable keeps or braces, accurately 
machined to fit into the openings in the pedestals, and secured in 
place by removable bolts provided with split pins. When in 
place, these keeps make the cantilever truss continuous from end 
to end. The side frames are provided at top with a continuous bar, 
in which are recesses for receiving the spring bolts, so that these 
can be removed without jacking up the car body, 

The springs for supporting the car body upon the truck consist 
of both elliptic and coil springs, Fig. 16, Plate 5, so combined and 
graduated that tho weight of the car comes first upon the elliptic 
springs, and as the load increases the coil springs are brought into 
play. With this arrangement of springs the car rides easily, 
whether lightly or heavily loaded, and the springs themselves are 
not overloaded. I n  Fig. 16 the truck is supposed to be loaded with 
the empty car body, the dead weight of which is wholly supported 
by the elliptic springs, while the coil springs are shown ready to 
take their part in supporting the live load as soon as it comcs on. 

The brake blocks are provided with removable repair-pieces or 
liners, for taking up lost motion sts they become worn, thus preventing 
noise. They are also furnished with positive pull-back coil-springs 
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for releasing the brake shoes from the wheels. The brake shoes are 
separate from the heads or hangers in which they are fitted, Fig. 16, 
Plate 5 ; and are so constructed as to be interchangeable and easily 
removable without loosening the bolts. 

Each truck is fitted at its outer end with an adjustable life and 
wheel guard, which can be adjusted easily to any desired height 
from the road. All trucks are fitted with best chilled-iron wheels, of 
which the flanges are shaped to suit the rails they will have to run on. 

Motors.--In the early days tho motors were all used with donble- 
reduction gearing, with so great a consequent waste of power in a double 
transformation of the high armature-speed to the low speed of the 
car axles that an efficiency of 60 per cent. was rarely obtained. At 
present, good design, workmanship, and materials have brought 
about such a change for the better that under most conditions an 
efficiency of 80 per cent. is attained, which remains constant with 
widely varying loads. When the application of electricity for 
propelling street c m  was first practically attempted, it mas 
endeavoured to apply the existing stationary motor to the existing 
running gear. The motor and axle were connected by means of belts, 
sprocket chains, friction clutches, and other mechanical devices, all of 
which, with few exceptions, have now been abandoned, on account of 
the great expense of maintenance and their low efficiency. Double- 
reduction spur-gearing was first introduced on the experimental 
line at Woonsocket, Rhode Island, which was jointly equipped in 
1886 by the Thomson-Houston and Bentley-Knight companies ; and 
the advantages of a specially constructed and self-contained motor- 
truck mere there demonstrated. The high speed and comparatively 
cumbersome construction of motors at that time necessitated a double 
reduction in gear between armature and axle, each reduction being 
about 9 to 1. Thus an armature speed of about 1,500 revolutions 
per minuto gave a car speed of about 15 miles per hour. The later 
makes of double-reduction motors, of which a great many have been 
employed both in the United States and in Europe, have done 
excellent work ; but more recent and keener competition in electric 
traction has resulted in more advanced designs being developed. 
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The electric motor having demonstrated its ability to do the 
required work, the next problem was so to improve it as to reduce 
the working expenses as low as possible. This was partially effected 
by improving the design of the double-reduction motor, and to 
a much greater extent by the introduction of single-reduction 
gearing. The success of single-reduction stimulated still further 
improvement in design ; and motors mounted direct upon the driven 
axles, and devoid of all gearing, were developed. These however 
have not yet come into practical use for street cars, on account of 
their increased weight and also of their rapid deterioration owing t o  
the absence of any spring support, in consequence of which the 
motors receive all the shocks due to the comparatively rough 
tramway lines. The increased weight and rapid deterioration, and 
consequent increase in originai cost and maintenance, have prevented 
their competing on even terms with improved single-reduction 
motors. 

Single-reduction Motors.-The maturing of the design of single- 
reduction motors marks 8 distinct epoch in the construction of 
tramway motors. The practical experience of many years' use has 
proved them reliable and efficient ; and they have fairly fulfilled the 
following essential requirements of a motor for tramways :- 

1. The motor must be as light in weight as possible, having due 
regard to strength and simplicity in its mechanical and electrical 
construction. 

2. I t  must be completely closed in, and protected from dirt 
and moisture. 

3. I ts  capacity must be ample, and i t  should be able to run 
continuously for at least two hours at its rated capacity, without 
heating beyond 90" to 135" Fahr. rise of temperature. I t  should be 
capable of developing at least 50 per cent. more than its rated 
capacity, without injurious sparking or other damage; and the 
starting torque or turning moment must be great. 

4. All the external and internal parts of the motor must be 
thoroughly accessible, and easily taken apart. 
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That motor is the best which enables the line to be worked at the 
lowest cost for fixed charges as well as for running expenses. The 
relation between weight of motor and expense of working is forcibly 
shown by the maintenance of way on various tramways at present 
working. A motor entirely protected from dirt and moisture needs 
far less repairs, and 60 diminishes the cost of working. I f  a motor 
does not keep within a certain limit of heating and sparking, 
renewals of parts w i l l  obviously become numerow and costly. 
Difficulty of access to the wearing parts means higher charges for 
maintenance and labour. 

Gearing.-More than one reduction in gearing between armature 
and axle means too high speed of the armature, and consequently too 
great wear in the teeth. Any decrease in number of parts and 
bearings diminishes the cost of maintenance. Large teeth must be 
used, and the gearing must run in grease. Experience has proved 
the greater economy of steel over cast-iron gearing for tramway 
motors. A recent investigation of sixty-six tramways in forty-nine 
cities, using .over 7,000 motors, has demonstrated that the average 
life of cast-iron gearing is somewhat over 30,000 miles, while that of 
steel gearing is nearly twice as great. Apart from the advantages 
of longer life and higher efficiency, there is much less danger of 
breakage in steel than in cast-iron gearing, and of consequent 
springing or breaking of shafts and frames. The teeth are cut out 
of a solid rim by finely made cutters of the best known shape, as 
determined by exhaustive experiments. Motor pinions should be made 
from the best hammered steel forgings, and the teeth should be formed 
by accurate cutters and specially designed machinery with the same 
care as is used in the manufacture of the gearing ; and they should 
all undergo the same rigid inspection and tests a6 the gearing. 

Pomer.-The average horse-power exerted by a tramway motor at 
the car wheel probably does not exceed 20 per cent. of the maximum 
power it is expected to exert in starting the car under the various 
conditions encountered. In order to get the best efficiency out of 
such a motor, it  is necessary that its point of highest possible 
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efficiency should coincide with the development of the power at 
which the largest amount of work is to be done. 

Suspension of Motors.-There are three principal ways in which 
the motors can be suspended from the trucks ; they are known as 
‘‘ nose,” and (‘ side-bar,” and ‘‘ centre ” suspension. In the first 
method, shown in Figs. 17 and 18, Plate 6, one end of the motor 
rests on the axle through its bearings, while the other is hung from 
the truck by a cross-bar and springs. An advantage claimed for this 
method is that the gearing wears more evenly. In  ccside-bar” 
suspension the weight is nearly all taken off the axles. AS shown 
in Figs. 19 and 20, a side frame resting entirely on springs carries 
the motor by two lugs, &e on either side, which are so placed that 
the motor is suspended from its centre of gravity. This plan has 
not proved as successful as was anticipated ; and the first, or ‘‘ nose ” 
suspension, is still much in  use. The “centre” or “yoke” 
suspension, shown in Figs. 21 and 22, does not differ greatly from 
the (‘ nose ” suspension. 

Rating of Motors.-This is rather a difficult question, because 
there are so many variable factors. At present nearly every 
manufacturer has a different method of rating, and a motor which 
would be called 15 horse-power by one is called 30 horse-power by 
another. A tramway motor works intermittently, and therefore can 
exert for brief periods a much larger power than it could 
continuously. Motors may be rated either by the torque or turning 
moment which when making a given number of revolutions per 
minute they exert upon a wheel of a given diameter, that is to say, 
by their tractive effort ; or else by the horse-power which they can 
develop. In both cases however care must be taken to state the 
length of time during which the motors are to exert theti- rated 
power; and also the rise of temperature permitted in that time. 
The General Electric Co., which is the largest manufacturing 
establishment in the United States, rates its motors by the torque 
which they can exert for one hour at  the circumference either of a 

30-inch or of a 33-inch wheel, at the speed for which they have been 
a 
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constructed, with a limiting rise in temperature of 135" Fahr. after a 
pun of one hour. Such a rating fairly represents the maximum 
conditions of ordinary working, and leaves sufficient margin to meet 
emergencies without injury to the motor. Instead of expressing the 
power of the motor by the torque, the tractive effort or draw-bar 
pull which the motor can give out at the normal speed may be 
stated. Motors may also be rated by the horse-power which they 
can safely give out temporarily, while they are so designed that they 
can run continuously at half that rated power without their 
temperature rising by more than 90" to 135" Fahr. Inasmuch as 
all the insulation used in the construction of tramway motors is 
practically fire-proof, they can stand a far greater amount of heating 
than ordinary stationary motors. I t  is unnecessary to go into the 
electrical details of the devices used for controlling the speed with 
tramway motors ; they can now be considered practically perfect, 
and they are so designed mechanically that it is impossible for an 
attendant to make (i mistake in handling them. 

Figs. 29 and 30, Plate 10, have been kindly furnished by the 
British Thomson-Houston Company. Fig. 29 shows, both with 
full and with shunted fields, the commercial efficiency, the torque 
or tractive force at the circumference of a 33-inch wheel, and. 
the speed, with a G. E. 800 motor having a four-turn armature, 
that is, a General Electric motor having a torque of 800 lbs. This 
motor was originally constructed for American lines, and is designed 
for average speeds of 12 to 15 miles an hour. Fig. 30 gives the 
efficiency, speed, and tractive effort of a G. E. 1,000 motor with full 
field. 

Figs. 31 and 32, Plate 11, furnished by the kindness of the 
Westinghouse Company, give the horse-power expended and 
developed, the efficiency, the torque or tractive force with a 30-inch 
wheel, and the speed, with a No. 46 motor, which is nominally rated 
at 25 H.P. The temperature tests of this machine were as follows :- 
ampirres, 38 ; electromotive force applied, 500 volts ; duration of test, 
one hour; draw-bar pull with 30-inch wheels, 1,000 lbs.; rise in 
temperature of commutator 54" Fahr., of field 115", and of armature 
72" Fahr. For higher currents than the above the temperature will 
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rise approximately as the square of the increase in current. But 
for ; lower currents the temperature will not fall according 
to the square of the decrease, because the element of iron-core loss is 
practically a constant, and is therefore of greater relative value at 
light loads. 

Power Station.-The success or failure of an electric line depends 
to no small extent upon the situation and design of the power station. 
The conditions which govern its erection are in many ways entirely 
different from those which have to be considered in the construction 
of an electric-lighting station. The load is constantly varying, and 
the variations are large and unexpected. Breakdowns are more 
serious than in electric lighting; and such precautions must be 
taken as will render a suspension of service practically impossible 
under any circumstances. In  many instances the station must be 
in continuous operation for several consecutive days. In large 
American power-stations certain of the engines have frequently been 
running for eight and ten days continuously. I n  Fig. 35, Plate 13, 
is shown a diagram of the results obtained in a series of readings 
taken on an English tramway ; and in Table 10 are given the sizes 
of engines recommended for use in power stations. 

TABLE lO.--Sizes of Engines recommended for use in Power Statioolzs. 

Maximum Power required. 
I.H.P. 

200 . . 
400 . . 

, 600 . . 
1,500 . . 

5,000 . . 

1,000 . . 
2,000 . . 

10,000 . . 

Number 
of Engines. 
. 2 . .  
. 3 . .  
. 3 . .  
. 3 . .  
. 4 . .  
. 4 . .  
. 6 . .  
. 6 . .  

Power of each Engine. 
I.H.P. 

. 200 

. 200 

. 300 

. 500 

. 500 

. 750 

. 1,000 

. 2,000 

I n  early days the engines employed were far too small and weak. 
At the present time dynamos for tramway work are so constructed 
that accidents to them are quite a6 rare as to the driving engines 

G 2  
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themselves. Counterahafts have been abandoned as wasteful in power 
and useless. Large reserves of power were also provided on the 
earlier electric lines ; this practice has been abandoned, and Table 10 
shows the reserve power which should be allowed ; it  will be seen 
that 8 sufficient number of engines are provided to furnish the 
maximum horse-power required for working the line, with a surplus 
of one engine in reserve. With this reserve the machinery can be 
kept in perfect adjustment and repair, one engine being at all times 
stationary. I n  case of a breakdown, this extra engine is ready to 
take the place of the one disabled. 

Driving.-A great diversity of opinion used to exist as to whether 
the engines should drive the generators by belts or ropes, or bo 
directly coupled. The great objection advanced against direct 
coupling was the want of elasticity, which in the event of sudden and 
heavy overloading might cause a breakdown of the engine itself. It 
is said that belts and ropes act as a spring, and prevent sudden 
shocks from damaging the engine. I t  seems however to be beyond 
doubt that, for large stations having direct-coupled engines of 500 
horse-power and upwards, slow-speed compound condensing engines, 
horizontal or vertical, are preferable. Direct coupling is steadily 
gaining ground, and should always be used for units of 100 kilo- 
watts and upwards. 

Stations should always be built as compact as possible; but 
space, light, and above all, ventilation, should :ever be grudged in 
the engine room. Whether vertical or horizontal engines are 
adopted seems to depend primarily upon the available space ; and 
secondly, and to  a large degree, upon the fancy of the- designing 
engineer. 

Pourer.-Tramway work being of such a character that even in 
the largest stations the average load rarely exceeds two-thirds of the 
maximum, it becomes necessary, in order to have an economical 
engine, for it to be so constructed that at its most economical cut-off 
it will give out two-thirds of its maximum power. Thus, supposing 
an engine at its most economical cut-off of 28 per cent. will give 
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I 

350 horse-power, at its maximum cut-off of 80 per cent. it  will give 
520 horse-power. When therefore an engine of 350 horse-power is 
ordered, i t  is expected to be able to run a t  50 per cent. overload, the 
generators being constructed to stand the same strain. All bearings 
must be of such ample dimensions as to run perfectly cool when 
the engine is working at 50 per cent. above its rated power. 

2,500 = 1 .1  
4,000 5 1.8 
4,000 = 1.8 
5,000 = 2.2 

Engines.-In consequence of the difference of conditions betwaen 
a lighting and a traction station, all engine builders who have had 
experience in tramway work now build an entirely different kind of 
engine for traction from that which they supply for lighting stations, 
as far as dimensions and weights are concerned, as indicated in 
Table 11. The conditions under which a tramway engine works are 

TABLE 11. 
Compurative Weiglhts of Engines for Lighting and for Tmction. 

Power 

of Engine. 

I.H.P. 
90 

115 
140 
215 
325 
400 

500 

For Lighting. 

Lbs. Tons. 
13,000 = 5.8 
15,000 = 6.7 
21,000 = 9.4 
53,000 =14.8 
46,000 =20.5 
53,000 =23.7 
74,000 ~ 3 3 . 0  

Weight of Engine. 

For Traction. 

Lbs. Tons. 
15,000 = G.7 
17,000 = 7.6 
23,500 =10-5 
37,000 =16*6 
50,000 =22.3 
58,000 =25.9 
80,000 =35.7 

if anything more onerous than those of a rolling-mill engine. A 
slight variation either in number of revolutions per minute or in 
angular velocity per revolution is of the greatest importance in a 
traction station, whereas i t  is of small importance in a rolling 
mill. A traction station should always be so arranged that, if 
the normal load be suddenly thrown on or off an engine, the speed 
&all not vary more than 2 per cent. total, that is 1 per cent. on 
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either side of the mean. In  some cases 8 maximum variation of 
19 and lt per cent. is all that is allowed. Where polyphase 
currents are used, constant speed is of even greater importance ; 
and a guarantee should be required that under no circumstances 
shall the angular velocity during one revolution vary more than 
three-quarters of one per cent., and in some cases not more than half 
of one per cent. With heavy fly-wheels, and governors properly 
designed for tramway work, especially when the governors are of the 
fly-wheel kind, it is quite practicable to fulfil the above conditions. A 
shaft governor is undoubtedly far more satisfactory in every way than 
any ball governor driven by belt or gearing from the engine shaft. 

Governing.-During the last few years there have been several 
fly-wheel accidents in tramway stations in America. Respecting 
these accidents and fly-wheels in general, more is said later on 
(page 73). Most fly-wheel accidents have occurred with engines 
employing a releasing valve-gear and a delicate ball governor. 
When the load is suddenly thrown off, and when they have to 
work with no load and a vacuum, ball governors are too uncertain. 
They generally act ; but occasionally the valve-gear, owing to 
wear or bad adjustment, prevents the engine from controlling 
itself. To obviate this, a second governor is put in engines of 
this class, which governs some ton revolutions slower than the 
main governor, and which, when i t  exceeds the speed it is set for, 
causes a stop-valve to trip, whereby the steam is entirely shut off 
from the engine. This seems to be an admission that such engines 
are liable to run awsy. With powerful shaft governors connected 
directly with the cut-off valves by means of positive mechanism, i t  is 
impossible for engines to run away. 

Table 12 gives the standard dimensions of bearings and %y- 
wheels, and the weights, of typical engines now successfully 
working large tramway stations; the first two examples are 
engines with %y-wheel governors. The smaller engines are fitted 
with single or double piston-valves, Plates 7 and 8, and the larger 
with gridiron valves. In small engines the governor acts only on 
the high-pressure cylinder ; but in large engines it is so arranged as  

 at UNIV OF VIRGINIA on June 8, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


FEB. 189% ELECTRIC TRACTION. 71 

Power of at  economical load I.H.P. 
Engine )maximum . I.H.P. 

lbs. Weight of Engine . ( tons 
dhmcter . feet 

lbs. 
. i tons. 

TABLE 12. 
Weights of Engines and Fly-wheels for Electric Traction. 

583 
911 

106,000 
47.4 

11 
25,000 
11.2 

Description of Governor . . IFly-wheel Governor 

Bearings {;li;m$er . inches . inches 
Ratio of length to diam. of bearings 

13 
25 

1-92 

Length* 

Inches. 
10.8 
24-4 
14.2 

14.5 
15.7 
16.5 
23.6 

1,070 
1,650 

177,000 
79.0 

15 
45,000 
20.1 
15 
30 

2-00 

Ratio of Length 
to Diameter.* 

Ratio. 
1.61 to 1.00 
1-93 to 1-00 
1.65 to 1.00 

1-48 to 1.00 
1.63 to 1.00 
1.62 to 1.00 
1.48to1.00 

- 

500 
1,000 

186,000 
83.1 

15 
60,000 
26.8 

18 
34 

1-89 

800 
1,600 

325,000 
145.0 

20 
100,000 

44.6 
20 
36 

1-80 

to act on both cylinders. Table 13 gives the dimensions of some 
standard continental engines, most of which are driving rolling- 
mills. On comparing the dimensions of the bearings in this table 
with those of the tramway engines, it m i l l  be seen that the ratio of 
the length of the bearing to its diameter in the tramway engines is 
generally somewhere near 2 to 1, Table 12 ; whereas in the engines 
not designed for tramway work it is nearer 13 to 1, Table 13. The 

TABLE 13.--Proportions of Bearings 
in Rolling-Mill and other continental Engines. 

Cylinder. 
Diameter. I Stroke. 

23.6 
23.6 

27.5 
49-2 49 

Revolutions 
per minute. 

Revs. 
66 
75 
60 

120 
105 
100 

85 

Diameter. 

Inches. 
6.7 

12.6 
8.6 

9-8 
9.6 

10.2 
17.1 

__.- 

* Mean ratio of length to diameter of bearings, 1.63 to 1.00. 

main bearings are usually provided with cylindrical shells, which 
can be taken out by simply jacking up the shaft to take the weigh 
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TABLE 14.-Tests of Pratt-Street Electric-Power Station, City and Suburban Railway, Baltimore. 

Date of test, 1895 , . , . . . . 
Average Indicated Horse-Power for 20 hours . . 

,, Electric . .  
Coal used, total . , . . . . . . 
,, ,, per I.H.P. per hour, engines only. . . 
99 9, ,t 1, ,, other machinery . . 
9 ,  ,, 9 ,  ,, ,, entire station . . 
7 9  o $ 9  E.H.P. 3, 9,  9, 

,I  0 Y 

. .  

August 
I.H.P. 

E.H.P. 
. lbs. 
. lb. 
. Ib. 
. lbs. 
. lbs. 

14 
1,860 
1,395.5 

75, 678 
1.83 
0.20 
2.03 
2.71 

16 
1,573 
1,405 

70,555 
1.70 
0.19 
1.89 
2.52 

17 
1,773 
1,330 

72,885 
1.85 
0.21 
2.05 
2.74 

21  
2,000 
1,499 

74,511 
1.67 
0.19 
1-86  
2.48 

Average. 
1,876-5 
1,407’4 
73,490 

1.76 
0.20 
1-96  
2.61 

Coal CowsumpLion.-The above consumptions are based on the total amount of coal actually used in the station for the above 

Load.-The heayiest load was 781 I.H.P., the lightest 366, and the average during four hours 553 I.H.P. 
Generators.--E’our 500 kilo-watt by General Electric Go., of 670 E.H.P. each, making 2,680 E.H.P. ; slid one 200 kilo-watt, of 

Boilers.-Campbell and Zell water-tube, four sets of 700 H.P., making 2,800 H.P. total. 
Engines.--Four compound by McIntosh and Seymour, cylinders 20 and 36 inches diameter by 36 inches stroke, of 750 economical 

I.H.P. each, making 3,000 I.H.P. ; one compound by same makers, cylinders 15 and 23 inches diameter by 17 inches 
stroke, of 250 economical I.H.P. ; stoker, hoisting and conveying engines of 50 1.II.P. ; total 3,300 I.H.P. 

Two Blake vertical twin air-pumps and condensers, each 1,800 H.P. capacity, making 3,600 H.P. ; one horizontal ditto, 250 H.P. ; 
total 3,850 H.P. capacity. 

Two Blake duplex feed-pumps, 14 and 84 inches diameter by 12 inches stroke, each 2,800 H.P. capacity, making 5,600 H.P. ; two 
combined pumps and receivers, 6 and 4f, inches diameter by 7 inches stroke, each 4,500 H.P. capacity, making 9,000 H.P. ; 

Hunt’s coal aud ash conveyiug apparatus. Boney mechanical stokers. [total 14,600 H.P. 

electric output, no deductions being made for ash, clinker, or moisture. 

268 E.H.P.; total 2,948 E.H.P. 
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off the bearings. The shells are made hollow for water circulation, 
which can be used in case the bearings should heat from dirt or 
other cause ; by this means the engine can be enabled to complete 
its run. 

Tests.-Table 14 gives the results of tests recently made in a 
large American station. There are four tandem compound condensing 
engines : high-pressure cylinder 20 inches diameter, low-pressure 
36 inches, stroke 36 inches; initial pressure 126 lbs. per square 
inch, economical cut-off 5-16th~ of stroke in high-pressure cylinder; 
vacuum 24 inches of mercury ; revolutions 103 per minute. These 
four engines each drive by belt a 500 kilo-watt generator; and 
there is one direct-coupled engine, with cylinders 15 and 23 
inches diameter, and 17 inches stroke, driving a 200 kilo- 
watt generator. The results may be considered highly satisfactory. 
Practically the minimum coal consumption is 1.67 lb. per indicated 
horse-power, and 2.48 lbs. per electrical horse-power at the 
switchboard. It therefore appears safe in a well-designed and 
fairly large station to estimate the coal consumption per indicated 
horse-power at 2 lbs., and per electrical horse-power at not more than 
2.66 lbs., so that the coal consumption per Board of Trade unit wi l l  
not exceed 3 * 3 lbs. 

Fty- Wheels.-The use of fly-wheels in electric traction stations is 
important. Owing to the need of keeping the angular velocity as 
constant as possible, especially in large stations where, through 
Board of Trade regulations, polyphase transmissions become a 
necessity, the fly-wheels have to be much heavier than for ordinary 
lighting work. The strains they may be called upon to bear 
occasionally are enormous. The dynamos for tramway work are 
now constructed with such an amount of copper, and with such fire- 
proof insulation, that they can stand short-circuiting without serious 
damage. Circuit-breakers are of course supplied, and are generally 
prompt in action ; but it may happen, and has occasionally occurred, 
that something goes wrong with the circuit-breaker, and it will not 
immediately break the line when a short circuit occurs. It may 
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therefore happen that an engine may be practically stopped dead, 
and enormous strains may thus be put on the fly-wheel. Moreover 
the moment the fly-wheel has stopped, the circuit-breaker may 
happen to act, and the full power behind the piston may be applied 
to rotate the wheel, thereby again subjecting it to great strains. The 
utmost care has therefore to be taken in the design of fly-wheels. 
Accidents cause terrific havoc, and as far as the damage done is 
concerned are nearly as bad as boiler explosions, if not worse. In 
America the circumferential speeds allowed, even with cast-iron 
wheels, are much in excess of those to be met with in this country or 
on the Continent ; over 90 feet per second is frequently allowed, as 
seen from some of the tables, whereas in English practice it is not 
considered safe to go beyond 80 feet. This may possibly be owing 
to the better quality of cast-iron in America. 

Fly-wheels built-up of rolled plates, and constructed more like a 
boiler or a bridge, have been adopted to some extent in electric 
tramway stations in America. I n  Figs. 26 to 28, Plate 9, are shown 
plate constructions of two kinds. These built-up wheels generally 
have a cast-iron centre or hub, with brackets to which the armature 
is bolted, Fig. 28, so as to take some of the strain off the two keys 
that hold the armature on the shaft. To the centre of the hub are 
connected segmental web-plates, extending to the extreme outside 
diameter of the wheel. The plates are faced along their edges, SO 

as to form a good joint. Outside of these segments are two circular 
plates, bolted through each segment and through both plates and 
hub, Fig. 28. The segments are generally braced by truss pieces, 
held in the centre by cross bolts which act as struts. Outside the 
web plates surrounding the rim is a strip riveted through the rim; 
and outside of this is a second strip also riveted through, Fig. 28. 
The rims of these wheels are usually turned down after the wheels 
have been riveted up and fixed on the shaft. 

Accidents to fly-wheels may generally be attributed to three 
chief causes :-firstly, poor castings or internal strains ; secondly, 
faulty design and construction ; thirdly, excessive speed. In 
designing a fly-wheel it is easy to calculate its parts so that it 
shall be perfectly safe to bring it to a stand-still within a given 
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angle. Investigation of some of the best fly-wheels for tramway 
stations shows that their design permits of their being stopped in 
less than one revolution, with factors of safety varying from 17 
to 18. 

Generatom-The kind of generator to be used for electric 
traction is an important question. As in the case of the engines, 
tramway generators, Table 15 (pages 76-7), must stand heavy 
overloading without damage. Moreover, as one pole is earthed, 
the greatest care must be taken that the best insulation is used 
throughout. Since the loads to which they are subject are 
extremely variable, dynamos as usually constructed for lighting 
work would require the position of their brushes to be constantly 
altered. To obviate this, heavy magnetic inductions are allowed 
for in designing tramway generators, thus rendering it unnecessary 
to shift the brushes, and also avoiding sparking. I t  is the universal 
and best practice to use toothed armatures in tramway work. 

As to the kind of field winding which should be adopted, it 
would seem from tests made on a large scale with separately excited, 
shunt-wound, and compound-wound machines, that the best suited to 
tramway work from every point of view is the over-compoundeh 
generator. The usual pressure of current employed on trolley lines 
is 500 volts ; and for this tension dynamos are so designed that the 
pressure between their terminals is 500 volts at  no load, and is 
increased to 550 volts when the full load comes on. The over- 
compounding can be regulated up to 10 per cent. by varying a 
german-silver shunt placed on the series coil. 

The curves represented in Figs. 33 and 34, Plate 12, for which 
the author is indebted to the British Thomson-Houston and 
Westinghouse companies, show the high efficiency of tramway 
generators with large variation of load. 
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TABLE 15. Electric Tramzcay Generators. 
~~ 

Rated 
Power. 

:ilo-matts 
150 

225 

300 

400 

500 

800 

1,300 

1,500 

250 

400 

500 

800 

1,200 

1,500 

Total Weight 
of Generator. 

Lbs. Tons. 
13,100= 5.8 

37,000= 16.5 
34,300 = 15.3 
21,000= 9 . 4  

60,400 = 27.0 
43,900 c 19.6 
39,100 = 17.4 

7 4 , 2 5 0 ~  33.1 
71,440 = 31.9 
6 4 , 3 0 0 ~  28.8 
59,700 = 26.6 

87,150 = 35.9 
76,000 = 32.0 
7 1 , 3 0 0 ~  31.8 
64,300 = 28.8 

110,000 = 49.1 
100,900 = 45.0 
94,400 = 42.2 

158,930 = 71.0 

163,200 = 72.5 

40,000 = 17.8 

60,000 = 26.5 

90,000= 40.2 

125,000 = 55.S 

195,000 = 87.1 

240,000 = 107.0 

Diameter 
of Shaft. 

Inches. 
7 t O  9 

9 to 114 
9 to 116 
9 to l O &  

14 to 16 
14 to 16 
14 to 16 

15 to 18 
15 to I S  
15 to IS 
14 to 16 

16 to 1s 
16 to 18 
1 G  to 18' 
16 to 18 

19 to 22 
19 to 22 
19 to 22 

24 to 27 

24 to 27 

12 to 14 

16 to 19 

18 to 21 

21 to 23 

23 to 25 

24 to 27 

Diameter 

Inches. 
45 

592 
59) 

59) 
59) 
594 

72 
72 
72 
651 

881 
883 
881 
884 

944 
948 
94.3 

45 

126 

126 

60 

75 

so 
90 

115 

130 

Armature. 

Weight. 

Lbs. Tons. 
6,000 = 2'7 

14,520 = 6.5 
13,920= 6.2 
7,000= 3'1 

2 0 , 7 2 0 ~  9 .3  
16,650 = 7.5 
15,500 = 6.9 

31,480 = 14'0 
30,580 = 13.G 
28,740 = 12.S 
24,900=11*1 

35,800 = 16'0 
32,000 = 14.3 
30,.500 = 13.6 
27,100 = 12'1 

49,440 = 22.1 
45,520 = 20.3 
41,170 = 18.4 

G9,910 =31.2 

73,100 = 32.6 

15,000 = 6.7 

25,000 = 11'2 

30,000 = 13'4 

40,000 = 17'8 

65,000 = 29'0 

70,000 = 31.3 
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Tumber 
f Poles. 

6 

6 
6 
G 

6 
6 
6 

8 
8 
8 
6 

10 
10 
10 
10 

10 
10 
10 

12 

12 

Electric Tramway Generators. TABLE 15. 

Revolutions 
per minute. 

Revs. 
200 

120 

200 

200 

80 
100 

150 

125 

120 

80 

75 

100 

90 to 100 

90 

80 to 90 

80 

75 

Commercial Efficiency. 

Full load. 

Per cent. 

934 

934 

94 

94 

94 

944 

95 

95 

Half load. 

Per cent. 
924 

93 

93 

93 

93 

930 

94 

94 

Juarter load 

Per cent. 
89 

894 

894 

894 

893 

90 

got 

902 

Rated 
Power. 

Kilo-watts. 
150 

225 

300 

400 

500 

800 

1,300 

1,500 

250 

400 

500 

800 

1,200 

1,500 
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Discussion, 4 Nouember 1897. 

Mr. R. E. CROMPTON said, although the paper had put in so clear 
a form the results of so much American experience, yet this had been 
done so often, and the fact of electric traction having for various 
reasons been kept back in this country was such a sore wound to 
English engineers, that they were rather tired of hearing of the 
American practice. When public authorities forbade the payment of 
anything but tradcs-union rates of wages in this country, and at the 
same time accepted the lowest tenders in  the form of American 
goods which had not been worked under union rules, i t  was about 
time for something to be done to improve matters. Against 
the Americans, who had achieved notable success in their electric 
traction, he had not a word t o  say; but whenever the local 
authorities of this country came to their senses, he thought Englifih 
engineers could do the work just as well. From the very nature 
of the circumstances, their o m  experience, which was considerable 
in other branches of electric and mechanical engineering, was 
necessarily limited in regard to this particular branch ; and they 
could only listen attentively to what had been done on the other 
side of the Atlantic, hoping that they might be able themselves to 
do better things when they had the chance. Nevertheless there 
were certain parts of American practice which English engineers 
were already able to criticise to a certain extent. 

For electric traction it was said in page 69 that i t  was considered 
requisite to have a widely different kind of engine from that used for 
electric lighting. Although he knew Americans held that view 
largely, he thought there was no reason for its being taken as correct. 
Again it was not true that the consequences of B breakdown in an 
electric-traction station were more serious (page G7) than of a 
breakdown in an electric-lighting station. The breakdown of an 
electric-lighting station might be attended by a panic in a theatre, and 
the loss of hundreds of lives. What happened if a car service were 
stopped for a few minutes ? The passengers growled and grumbled, 
and then the cars went on again. English engineers he thought 
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had been able to show the Americans something with regard to 
electric lighting. In the city of Brooklyn i t  was not until they began 
to copy the English system of applying accumulators in parallel with 
the generating plant that they discovered for the first time what 
really steady electric lighting could be : 60 that their own engineers 
had said that they were then able to go to the theatres in their own 
districts without being ashamed of the lighting. This showed that 
in that branch of their profession there had been something which 
the Americans could learn from this country. There was no doubt 
however that the boot was on the other leg in regard to electric 
traction. The Americans had had such a long start that English 
engineers would have everything to learn from them with regard to 
the equipment of the road. But in the portion of the work which 
they did understand, namely the engines, he thought they would 
not follow the American practice, although there had been a strong 
attempt to thrust that practice down their throats, even for the 
few jobs of electric traction which had thus far been carried out 
in  this country. In  instances that he had known of, where the 
English practice of high-speed engines had been adopted, these 
engines had subsequently been turned out, and other engines 
of American design, slow-speed and with heavy fly-wheels, had 
been substituted. That he considered was a retrograde step. 
Thanks to the great men whom this country had produced- 
such men as the late Mr. Willans-English engineers had been 
placed in a highly favourable position with regard to the generation 
of electric power; and he need hardly do more than point to the 
results presented in Table 14, which the author said in page 73 might 
be considered highly satisfactory. These were not results that he 
should be proud of;  in England he considered electric-lighting 
engines had already done a great deal better, and the same he 
thought would be the case with electric-traction engines. The only 
reason why the future electric-traction engines would do better here 
was that he believed this country could design and manufacture 
both better steam engines and better dynamos. I n  the steam-engine 
practice which had been described in the paper he did not see 
anything that he desired to copy. 
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(Mr. R. E Crompton.) 

The construction of the trucks was a highly interesting matter, 
and he should like to see drawings of the latest forms of trucks with 
extremely long overhang of car (page 56) .  It seemed to him a great 
achievement to have succeeded in making trucks which would carry 
cars of such a length as from 32 to 35 feet with such a short 
wheel-base as only 7 feet. 

His remarks he hoped would not be taken as in any way unfair 
to American engineering, but simply as drawing attention to the fact 
that English engineers had not yet had a chance in electric traction. 
As soon as they had that chance, which he believed would happen 
shortly, they would be able to show something quite as good as what 
had been described in the paper. 

Professor W. E. AYRTON could confirm what had been said in 
the paper about the extraordinary development of electric traction 
in  the United States, whence he had just returned. At one electric- 
traction motor works that he had visited they were turning out on 
an average over 200 car motors complete per meek, of about 25 H.P. 
each, and in some weeks they turned out 500. As many as 800 car 
motors he had himself seen being packed ready and put on the 
ordinary street railway cars. These were figures which could hardly 
be understood in this country-such au output as 500 complete 
motors in a week for so-called street railway cars. The effect which 
the street railway system was there producing, not merely in the 
towns but in the suburbs, was extraordinary. He had himself 
travelled on a street railway no less than 35 miles out of Boston at a 
speed of probably about 12 miles an hour, along country roads, going 
from house to house, past dwelling-houses and farms, through 
villages, then through toms, sometimes through a wood without 8 
house in sight, going up hill and down hill ; and going as fast up 
hill probably as a horse could gallop down hill, for the simple 
reason that when the car went up hill it had practically the whole 
power of the central station to propel it : much the same as if, when 
an ordinary horse vehicle came to a hill, it found fifty or sixty;horses 
waiting to pull it up. To this traffic a small portion of the width 
of the road was given up entirely, and had become over-grown with 
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p a s s ,  because no horses went there at  all, the rails running along 
the side of the road and a trolley wire overhead. The rest of the 
road was used for ordinary traffic, or for what there was left of it. 
One thing thit  struck him greatly, as showing the extraordinary 
development which had taken place, was that, as far as he could 
remember, electric tramways in Boston had only been started as 
recently as 1888 or 1889, and yet the main generating station had 
been twice completely remodelled. At first the central station 
had been put up, equipped with fifty 100-H.P. dynamos driven 
by belts from the engines, and with all measuring instruments, 
switches, and other appliances. There it was today entirely unused ; 
for after a year or two it had been found quite hopeless to work 
Boston with a little central station like that, with only fifty 100-H.P. 
dynamos. An entirely new station was then built, for which the 
unit taken was 300 kilo-watts, or roughly 400 H.P.; and it was 
entirely fitted up with different engines, still however driving the 
dynamos by belts. I n  two or three years it was again seen that this 
was no longer sufficient ; and now a third station was running, in 
which the unit was 2,000 H.P., and there were ten such dynamos, 
each coupled direct to a separate steam-engine, on the plan which had 
been learnt from England, as mentioned by Mr. Crompton. And 
this Boston station was only one of six generating stations in the 
town for supplying current to the electric tramcars. 

Besides the many important reasons given in the paper why the 
car truck was quite distinct from the car body, one other reason was 
the practice which existed in some towns, such as Nontreal, of 
changing a11 or most of the car ljodies from summer to winter. 
When the summer ended, all the open car bodies were taken off, and 
winter cars were put on, which were warmed electrically. The car 
truck with the motors was for both winter and summer; and 
therefore there was a great saving in  expense by having the car 
body separate from the truck. 

The diagram, Fig. 35, Plate 13, like SO many which had been 
exhibited on previous occasions, showed the great extent of 
fluctuation in the current on an English tramway. But that was not 
what he had seen in the States. When watching the ammeters in 
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some of the large American stations, he had seen no such fluctuations 
BS these. The output was something like 10,000 amphres, at a 
pressure of 500 volts ; and owing to the current being so large and 
to the great number of cars constantly driven by it, the stopping and 
starting of a single car, or of two or three cars, produced hardly any 
effect at all on the current sent out from the station. So far from the 
ammeter necdle oscillating backwards and forwards, it hardly moved 
at  all during the timo that he watchcd it minute aftcr minute. 
There was of course a slow motion one way or the other, as the traffic 
of the day became greatcr or fell off; but as far as he had seen 
there were no such fluctuations at short intervals as were here shown. 
The reason was obviously that, where there was so large a current 
and so great a number of cars, the average number runniiig along 
the level and uphill remained practically constant. 

In England therc had been an idea that the trolley wire running 
overhead was a terribly ugly thing, and would quite spoil not only 
the towns but even the country roads. This he thought had been one 
of the reasons why English people had objected to the use of electric 
tramways with overhead trolley wires. Not long ago there had been 
a suggestion to put up one somewhere in the more distant suburbs 
of London; and when the suggestion came before the London 
County Council, it had been received with derision as spoiling the 
roads with such an abomination as a trolley wire. But when a 
trolley wire was actually seen, it did not strike the eye as being 80 

ugly. I n  Canada and the United States there were already 
telegraph, telephone, electric-lighting, and other wires, which owing 
to their number and arrangement were undoubtedly ugly ; but the 
trolley wire was only a single wire, or at most a pair. In  Tottenham 
Court Road and other main streets in London there mere posts up 
already which were used for electric lighting; and in the Euston 
Road, Regent Street, Piccadilly &c., there were lamp posts all along 
in  the middle of the road. Euston Road was perhaps too narrow for 
electric traction ; but how about Regent Street ? what eye-sore would 
i t  be to connect those posts together with a light wire overhead ? 
That would be all that was wanted to serve as a trolley wire for an 
electric tramway. If the residents objected to this, London was 
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rich enough to go as far as adopting what had been done inNew 
York, where he believed that 75 miles of conduit would soon 
have been laid underground for electric tramways, with two insulated 
conductors in  the conduit; there was thus no trolley wire at all, 
and nothing was seen in New York, in connection with the electric 
tramways, but such a central groove or slot as was already seen 
in this country wherever an ordinary wire-rope tramway was 
working. Although it was sometimes said that such a plan 
would be unsuccessful, because water and slush would get into 
the conduit and there would be short circuits, yet that plan was 
actually better, although of course much dearer, than the few trolley- 
wire systems already in use in this country, because both of the 
conductors in the underground conduit were insulated, and there was 
no risk of interfering with the telegraph or telephone mires 
overhead. The underground conductors produced no electrical 
disturbance of any kind. There was no risk of electrolysis 
damaging gas-pipes or water-pipes by corrosion. As to whether it 
would prove commercially successful or not, some four years ago he 
had been to see the same plan in operation in Washington, where 
there had then been already four years’ experience of it, and i t  had been 
found to have succeeded. That was why i t  had subsequently been 
adopted, and to so much vaster an extent, in New York. If 
therefore English vestries with their aesthetic tastes seriously 
objected to spoiling the picturesqueness of the roads by permitting 
the use of trolley wires overhead, there was this alternative, of 
doing as had been done in Washington and New York, laying 
an underground conduit with two insulated wires. But at any rate 
electric traction should be adopted. Without going over to 
America, the trolley-wire system could be seen at work in Rouen, 
Brussels, and other continental cities ; and he thought any one who 
had had the opportunity of seeing i t  in operation there mould 
conclude that it was not so hideous after all. 

Mr. JOHN S. RAWORTH, having a large stake in the interests 
of electric traction in this country, desired that the enormous 
amount of money about to be spent in that direction should be 
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spent economically, and that the shareholders and municipalities 
should derive a good return for their outlay. Into the present 
paper it seemed to him that a large number of opinions and 
statements had been introduced, which were not backed up by 
evidence or reason; and he feared they might have the effect of 
occasioning a great waste of public money, by causing electric 
tramways to be worked at a much higher expenditure than was 
required by the nature of the work. The views put forward in 
the paper in regard to steam engines he hesitated to accept as 
the author’s own, because he had noticed that the same opinions had 
been reiterated in the American technical periodicals during several 
months past. From Professor Ayrton’s remarks he gathered that the 
Americans were on their way towards ultimately arriving perhaps 
at truth by a system of trial and error ; they seemed to have done a 
thing wrong one year, a little less wrong the next year, better the 
third year, and some day they might get to what was right. But in 
order that their opinions might be of any value, i t  must be known 
exactly how far they had advanced in the path of development. 

In page 68 it was stated that the great objection advanced against 
direct coupling was the want of elasticity, which in the event of 
sudden and heavy overloading might cause a breakdown of the engine 
itself; and it was said that belts and ropes acted as a spring, and 
prevented sudden shocks from damaging the engine. Conformably 
with this view it was further stated in page 69 that the engines were 
now being built differently for electric traction from those for electric 
lighting, in order to resist the shocks they received in supplying the 
power for electric traction. He was satisfied however that there 
were no such shocks as were represented, and that a steam engine 
supplying electric power could scarcely receive any shock at all. 
The engines generally used for electric traction were automatic- 
expansion engines, and the one only shock they had to resist 
was the sudden inlet of the steam when the main valve opened 
at  every stroke; if they could stand this, they could stand 
anything. Nothing could be done at the flywheel of an engine to 
increase the boiler pressure ; nor could anything be done in the way 
of reduction of speed by load that would increase the amount of 
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stress put upon the working parts in bringing the piston to rest at 
the end of every stroke. These stresses were what the steam engine 
had to undergo throughout its daily work; and if it  could not stand 
these, it  would be unable to get through its work. Again there was 
one thing liable to occur in electric traction which was not met with 
in ordinary traction by a locomotive, namely an abomination called 
a short circuit. It seemed to be sometimes supposed that a short 
circuit was something like running up against a solid wall, which 
would produce stresses that would break anything. But electrical 
engineers knew well enough that a short circuit could not by any 
possibility absorb more energy than was being put into the dynamo 
which was supplying the energy for the short circuit. I f  it  was 
only the steam pressure on the piston of the engine that mas 
producing the power for supplying the energy, i t  was known exactly 
how much it could produce. But if the power was to come out 
of the fly-wheel, i t  might be any amount that the fly-wheel was made 
to suit : that is to say, the larger the fly-wheel, the larger would be 
the amount of power and the shock ; the smaller the fly-wheel, the 
smaller would be the power and the shock; so that, if there were no 
flywheel, there would be no shock. This plain argument he thought 
could not be got over. Whence he was led to the conclusion that for 
electric traction a steam engine should have no more fly-wheel power 
than was necessary to make i t  work smoothly and perform its 
motions properly. The heavier the fly-wheel put upon it, the more 
would the difficulties and dangers of working be increased. 
Consequently it was natural enough to read in page 74 of the great 
trouble experienced in the United States from the bursting of 
fly-wheels ; whereas the fly-wheels would not have burst if they had 
not been there. 

The importance of governing an engine for electric traction so 
closely that the speed should not vary more than 14 to 14 per cent. 
(page 70) was a point which he did not understand. A tramcar 
in  which he was riding the other day had been detained for some 
minutes by the dOwne66 of an awkward passenger who wanted to 
alight, and who would not be hurried by the impatience of the rest 
of the passengers. Yet the engines for electric traction it was said 
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must run within 14 per cent. of uniform speed. This was not asked 
for in electric lighting; although, even if the variations of the 
electric-light engines were so small that they could not be seen either 
in the voltmeter or in the tachometer, yet they could be detected in  
the light by the eye, which could suffer pain from minute fluctuations 
of the light, due to fluctuations of speed that were not visible in 
either of the two meters. Nevertheless for electric traction it was 
asked that a much higher degree of regularity in turning should be 
achieved by the engines than had been found necessary for electric 
lighting. The American engineers seemed to suppose that great 
fly-wheel power was wanted in order to get over sudden increments 
of stress or sudden demands for power ; and yet they stipulated that 
the fluctuations in speed must not be more than lfr per cent. How 
was it possible to draw upon the fly-wheel for power, without thereby 
reducing the speed of the fly-wheel ? In order to take any power out 
of the fly-wheel, its speed must be reduced in the act ; and yet the 
speed was not allowed to be reduced. What then was the good of 
the fly-wheel ? In  this matter the practice in this country was a long 
way ahead. Here as much as ten years ago it had been recognised 
that in electric lighting some fluctuation in the speed of the engines 
must be allowed ; and it had therefore been decided to over-compound 
the dynamos, not only for the losses in the dynamos and in the leads, 
but also for the loss in the engines. This had been successfully 
accomplished, and engines and dynamos could now be procured 
which would combine all the fluctuations together in such a way that 
these mould cancel out, and the light would be steady all the time, a 

uniform pressure being obtained with irregular driving. For electric 
traction, if  desired, exactly the same plan could be carried out. The 
dynamos could be over-compounded 6 or S or 10 per cent., and the 
over-compounding would bring up the volts, so that there would be 
no fluctuation in the voltage of the current ; while the fly-wheel would 
take up and give out power, exactly as i t  was required. 

With reference to the bearings, he gathered from page 71 that it 
was considered the bearings of engines for driving an electrio- 
traction station should be longer in proportion to their diameter than 
the bearings of ordinary engines, like rolling-mill engines or electric- 
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lighting engines ; and further that the length of the main bearings 
should be about twice their diameter. These recommendations he 
presumed were meant to apply to horizontal engines with over-hung 
crank and only one bearing ; and Table 12 gave a ratio of length to 
diameter, ranging from 1.8 to 2. I n  this country ordinary electric- 
lighting engines that he was responsible for had a bearing on each 
side of the crank, and the length of each bearing was 24 times its 
diameter. Consequently the total length of bearing to carry the 
crank was five diameters. For electric lighting he considered engines 
could not be made too good. The electric-lighting engines made on 
these lines by any of the good firms in this country were perfectly 
good for doing any traction work required. 

Mr. E. J. CHAMBERS inferred, from the description given of the 
way in which the standard tubular poles should be built up 
(pages 48-50), that it represented the American practice in this 
particular, with what had been called the SSS joint, that is-solid, 
swaged, and sweated. I n  this country however a pole could be 
produced in one length from the cast-iron base, and taper, 
which would be far better than that obtained by the 888 joints. 
Prior to hearing a description of them, he had imagined that the 
joints were intended to facilitate transport ; because conveying 
poles 25 feet long by rail, unless a lot of them were sent together, 
was a most expensive matter. But when he learnt that the joints 
had to be solid, swaged, and sweated, it struck him that this 
construction was rather a mistake. Although he doubted whether 
i t  was necessary in many cases to make joints in these poles, he was 
himself responsible for a jointed pole, which after the christening of 
the others might be called the TTT, that is-taper at the joint, 
turned at the joint, and tight at the joint. Poles so jointed, which 
could be taken apart for transport, he was sure would fulfil all the 
conditions that were laid down in page 50 for the poles that had been 
described. Although he believed the T T T  joint to be an excellent 
one for such poles, there were plenty of tube makers in this country 
who would make a taper pole of the full length required, and of 
any thickness up to 5-16th~ or 3-8ths inch, which would show (L 
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much better curve under the heavy strains required to be borne, 
and would be made at much less cost than the jointed poles described 
in the paper. 

Mr. H. GRAHAM HARRIS doubted whether tho full meaning had 
been appreciated of the test to which the SSS poles were subjected. 
I t  would be seen (page 50) that 10 per cent. of the poles were taken, 
and if three of these failed, the whole were rejected ; presumably 
therefore if only two failed, the whole would be accepted. It 
appeared to him quite possible therefore that a number even 
exceeding 20 per cent. of the entire lot might fail to stand the test, if 
subjected to it, and yet the whole might have to be accepted. 
Furthermore the test described in the paper was not by any means EL 

severe one ; and in his opinion the pole with turned joints, described 
by Mr. Chambers, would stand a much more severe test. 

Mr. W. M. MORDEY, while admiring the great progress made by 
American engineers, and acknowledging that there was a great deal 
to be learnt from them, thought it ought not to be taken for granted 
that everything they did was right and could not be improved upon. 
As a matter of fact he had observed that in their anxiety to go ahead 
they had always gone ahead so fast that in a short time they had had 
to go astern almost equally fast. What mere put forward as standards 
in American practice were not standards at all. They appeared as 
standards for a time; other standards were always being got out to 
replace them. Such changes were often made, he believed, in order 
to satisfy the American longing for something new ; they did not by 
any means represent improvement, only dissatisfaction with what had 
gone before. The latest and most significant feature of American 
traction work was presented in the extensive repairing ahops, which 
led him to anticipate that a few years hence American traction 
mcthods would be considerably modified. If the traction companies 
and municipalities of this country wanted to fit up stations three 
times in a few years, he thought they could not do better than copy 
what Professor Ayrton had reported as having been done in Boston 
(page 81). When in America a few years ago he had himself visited 
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the electric-traction station in Boston, and had there seen the 
preparations for the second stage of that work. On venturing to 
point out that the system which was being adopted would in England 
be regarded as obsolete even before it was started, he was assured 
that it was the system of the future, and that all large electric-traction 
stations would ultimately be fitted up in that way: that it was the 
very best system, developed from their extensive practice. Yet a 
short time had seen much of the contents of that costly station swept 
away. I n  that instance at  any rate change was not a proof of the 
progressive character of the work. It could not be said that the 
development had been so rapid that larger and larger units had been 
required, and that the smaller ones had had to be put aside ; for he 
understood the engines remained the same size. It was not even 
want of foresight, for the present needs had been clearly foreseen. 
It had simply been inconsiderate action. Progress no doubt came 
out of such a method of trial and error; but i t  was a method to be 
avoided here. Exactly the same kind of thing, he remembered, had 
happened in regard to electric lighting. English electrical engineers 
had been long urged to emulate their American brethren, who had 
put up electric-lighting stations in great numbers before English 
engineers had seriously begun to move. In  this country i t  was not 
until the business men and the municipalities had become convinced 
they could attain commercial success that the work mas gone on with. 
Meanwhile the earlier and less satisfactory American work was all 
or nearly all being replaced. Admiring as he did the energy of the 
American engineers, and believing there was much to be learnt from 
their experience, he welcomed the little band of able and active men, 
who had come over to the present assistance of this country ; but he 
thought there seemed at  present to be some danger that caution might 
be forgotten. Those therefore who were considering the subject of 
traction in this country would do well to look at the great changes 
which had occurred and were still constantly taking place in American 
practice, and to see how some plans had been discarded and others 
adopted, not once only, but two or three times. 
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Adjourned Discussion,, 10 February 1898. 

Mr. MARK ROBINSON considered that any one who brought 
authentic information about what was being done elsewhere, perhaps 
better than in this country, deserved the best thanks of the Members. 
But when an author held up foreign models for imitation, there was 
sometimes a danger that, having studied them on the spot and being 
strongly impressed with their advantages in some respects, he might 
by indiscriminate recommendation unwittingly do injustice to his 
own countrymen, and even inflict injury upon them and upon their 
industries; and i t  seemed to him that there was some chance of such 
a result in the present instance. English engineers were well 
disposed to learn from the Americans in  matters of electric traction, 
because the latter had had much greater experience ; but there were 
many continental and even some English examples which were not to 
be despised. The present paper dealt largely with matters of which 
he had himself no special knowledge; but with regard to  what was 
said in it about steam engines, hc for one had no hesitation in 
asserting that English engine builders would be wrong to go to 
America for guidance in any portion of their dynamo-driving 
work. The discussion in page 68, respecting the advantages and 
disadvantages of direct driving and of belt or rope driving, seemed 
appropriate to an American rather than to an English paper; and 
the conclusion that direct coupling w&s ‘‘ steadily gaining ground, 
and should always be used for units of 100 kilo-watts and upwards,” 
seemed a little out of place as information for English engineers. I t  
might be thought that this was a discovery which had been made in 
America, and worked out there ; whereas the fact was that direct 
coupling was essentially the English plan, and had been the English 
plan for many years past, and it had only been slowly and grudgingly 
adopted in America, in the face, as he imagined, of strong interests 
pulling the other way. This he said with full knowledge that the 
first, or one of the first, of the large electric-lighting installations in 
England was of American origin and was direct coupled. 
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I n  page 69 it was said that engines for traction work should be 
essentially different from those for lighting stations; and in 
Table 11 were given the weights of engines of the two classes 
which had been built in America. But, save that automatic expansion 
gear was a practical necessity for traction work, while it was of small 
value in most continuous-current stations for lighting, i t  seemed to 
him there was really no ground for difference in the engines themselves. 
The only difference required was in the fly-wheels, which for electric 
traction should be as heavy as they should be for any other work 
involving the same great variations of load. This however was no more 
than an elementary fact, which was not likely to be overlooked in 
any country. I t  seemed as though the small fly-wheels usually 
fitted to English high-speed engines had given rise to the idea in 
some minds that high-speed engines were unsuitable for electric 
traction. But the truth was that the slow-speed engines recommended 
in the paper acted upon their crank-shafts with such great irregularity 
during each revolution, that the only way of getting tolerably regular 
running, even under a steady load, was to use very heavy fly-wheels. 
High-speed engines on the other hand, such as were ordinarily used 
for dynamo driving in England, ran with such regularity, in 
consequence of the more quickly recurring impulses upon the crank- 
shaft, that for some purposes they would drive with sufficient 
steadiness without any fly-wheel at all. I n  practice a fly-wheel was 
of course desirable, but for ordinary purposes it needed only to be 
small and light. If an engine so designed were employed for 
electric traction, naturally it did not run so regularly as was 
desirable; but it was just as easy to provide ample fly-wheel power 
for a high-speed engine as for a slow-speed. There was however 
one highly important difference between the two cases. Many had 
probably been struck, as he had been, by the prominence given in 
the paper to those fly-wheel accidents which had been so numerous 
and disastrous in America, and to the methods of building up fly- 
wheels whereby it was sought to avoid those misfortunes. Now it 
was not too much to say that the disc fly-wheel of small diameter, 
cast in one piece, which was universal in English high-speed engine 
practice, was quite exempt from danger of bursting; and this most 
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valuable advantage was directly and solely due to the high speed 
of rotation usual in England. I n  page 70 it was recommended 
that a guarantee should be required that the angular velocity during 
one revolution of the engine should not vary by more than three- 
quarters of one per cent.; and it was stated that this was 
‘I practicable with heavy fly-wheels, and governors properly designed 
for tramway work, especially when the governors were of the fly- 
wheel kind.” No doubt for a slow-speed engine this would be 
a good performance ; but the ordinary three-crank quick-revolution 
engines, running in great numbers in electric-light stations in 
England, with comparatively light fly-wheels, varied their angular 
velocity during each revolution by less than one-third of one per 
cent., and this without the advantage of a governor “properly 
designed for tramway work,” whatever that might mean, or even of a 
governor 6‘ of the fly-wheel kind.” The fact was that the governor 
had absolutely nothing to do with evenness of rsngular velocity 
during a single revolution, unless the speed of revolution was 
extraordinarily slow ; uniformity of angular velocity during one 
revolution was a fly-wheel question alone, and its introduction in  
connection with governing seemed to him to be characteristic, not 
only of the American predilection for the fly-wheel governor, but 
also of certain mistaken opinions widely prevalent in this country. 
I t  was not uncommon to find variation of speed imputed to bad action 
of the governor, when it was clearly due either to the fly-wheel being 
insufficiently heavy, or to an overload being placed upon the engine, 
in apparent forgetfulness of the fact that every ongine worked with 
a cylinder of finite size and with a finite steam-pressure, and 
therefore could not give out more than a certain power, even when 
the cut-off was at the latest. 

The idea also seemed to prevail widely that in some way the 
sudden variations of load, which might be looked for in electric 
traction, exposed the engine to special risks of damage. Assuming 
a governor worthy of the name, that is to say, one that at any rate 
would not let the engine race away, there was no foundation 
whatever for such an opinion. I t  was within his personal knowledge 
that there were many hundreds of high-speed engines, directly 
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coupled to dynamos, which might be exposed with absolute impunity 
to the test of throwing the whole load off and on again, as fast 
as the hand could move the switch. There was no difficulty 
whatever. There had been numerous instances of such engines 
having been pulled up suddenly, owing to s short circuit, and no 
one had ever heard of their being any the worse for it. The fact 
seemed to be overlooked that the reciprocating parts of an engine 
were stopped and re-started a great many times every minute: in 
ordinary English practice from 600 to 900 times s minute in  
electric-lighting engines. What harm then could they sustain, either 
in themselves or in the crank-shaft, from being pulled up once more 
through what was by no means an instantaneous check, due to an 
overload or even to a short circuit ? The matter had been subjected 
to careful calculation, and the effect could be absolutely neglected. 
No doubt there might be trouble at some place between the armature 
coils, where the brake might be said to be applied, and the flywheel, 
which wanted to run on; but this was a matter which concerned not 
the engine itself, but the fly-wheel ; and it was the fly-wheel which 
was the particularly weak point in the big slow-running engines 
recommended in the paper. As regarded its flywheel, the high-speed 
engine was perfectly safe ; while the slow-speed engine, to judge from 
what was said of it in the paper, was clearly much the reverse. 
Not much need be said, he thought, about the rather airy judgment 
in page 68, that it seemed to be beyond doubt that slow-speed 
compound condensing engines were preferable. Where engineering 
considerations mere allowed to prevail, and not merely commercial 
interests, a different opinion seemed to him to be held by competent 
engineers in this country. The Liverpool Corporation for 
instance had recently ordered a high-speed electric-traction engine 
of 1,500 I.H.P. for their tramways ; and the Bradford Corporation 
had ordered two engines, each of 700 I.H.P., for theirs. The only 
limit to the demand for such engines in this country appeared to be 
the capacity of the makers’ works to produce them. That engineers 
and corporations had good warrant for so deciding was shown by the 
history of the smaller high-speed engines which had been applied to 
similar work in  this and other countries. The earliest examples 
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which were known to himself were three high-speed engines of about 
200 I.H.P. each, sent out seven years ago to work the Hobart electric 
tramways in Tasmania ; they had proved an unqualified success, 
notwithstanding that they laboured under the drawback of having 
very light fly-wheels. An equally good record had been won 
by a high-speed engine at the generating station of the City and 
South London Railway. One more instance which might be 
mentioned was that of three high-speed engines, which had been 
sent away a year and a half ago to supply current for the electric 
tramways at Liege in Belgium, in regard to which he had today 
received the following account from the Compagnie d'Electricit6 
in that city:--" The three engines of 240 I.H.P. each, with 
automatic variable-expansion gear, coupled direct to compound- 
wound dynamos giving 150 kilo-watts each, have been doing 
excellent work at the central station at Jonfosse since the 
month of October 1896. They work daily from 6 a.m. until 
midnight without stopping. They run silently and without shock; 
their speed regulation is amply sufficient, and is at  least equal to 
that of the best engines known ; they require little attention, their 
expenditure of oil is small, and their wear up till now is nil." While 
therefore he wished to thank the author for the valuable facts recorded 
in the paper, he would suggest that there were no grounds for the 
pre-eminence which appeared to bo claimed for the American build 
of engines for driving dynamos. 

Mr. JEREMIAH ITEAD, Past-President, thought that the discussion 
upon this interesting and instructive paper, so far as it had proceeded, 
while it had brought out many important facts and opinions, 
especially with regard to the engines, had perhaps tended to be 
somewhat too severe upon the paper, and to some extent was not free 
from a suspicion of irrelevancy. As an electrical engineer no one 
had earned a higher reputation than Mr. Crompton, who, besides 
giving valuable information, had expressed the opinion (page 78) 
that electric-traction work could be done just as well by English 
engineers as by American. No doubt the American engineers 
themselves would all agree with this opinion. Then with regard to 
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the engines, Mr. Crompton thought the American practice would not 
be followed here. Naturally if the American practice in engines 
was not right, not only would it not be followed here, but nowhere 
else where electric traction was employed. The belief had also been 
expressed (page 79) that this country could design and manufacture 
both better engines and better dynamos. From this belief it might 
perhaps be expected that American engineers would differ. A little 
caution might reasonably be felt when it was remembered that in 
America there were in 1895 more than 12,500 miles of electric 
tramways at work (Table l), while in Great Britain and her colonies 
at the end of 1896 there were only 167 miles (Table 2). 
Remembering that the Americans had been working at  this subject 
for at least ten years, several years before English engineers began 
to touch i t  at all, credit might be given them at all events for 
knowing something about the matter ; and therefore their opinions 
and practice were entitled to considerable respect. It was not 
altogether the fault of English engineers that they had not gone 
ahead with electric tramways as the Americans had done. The 
circumstances of the two countries were totally different. It must be 
remembered that the United States were as big as Europe including 
Russia proper ; and except in the towns and cities themselves there 
were practically no roads at all, such as in England would be called 
roads. England was wonderfully well supplied with roads, which had 
been made or re-made in the early part of the present century in almost 
every possible direction. An American city spread over perhaps ten or 
twelve times the area of an English city with the same population ; 
it was therefore not crowded up. This circumstance and the 
absence of roads had latterly forced upon the residents the necessity 
of finding some better way than they had before of getting about ; 
they had therefore begun with tramways, not electrical tramways at  
first, but horse tramways; and when horse tramways had been laid 
down in various places, the next step had been to work them by 
various mechanical means, including electricity. In  1890, eight 
years ago, when he had first visited the United States and studied 
the matter at all, there were five modes of traction on the tramways : 
by horses, by steam locomotives, by ropes, by trolley cars, and by 
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accumulator cars. At that time it was not settled which was the 
best of these five plans. By this time, as seen from the statistics 
given in the paper, almost every plan on a large scale had disappeared, 
except the trolley car ; and it was due to the Americans to say that 
they had settled the question under their particular circumstances. 
I n  this country however it was scarcely yet settled. In  Newcastle- 
on-Tyne there were tram lines throughout the city; and when 
recently the power for driving the tramcars was under consideration, 
he believed that the city engineer had actually recommended the 
adoption of rope traction as the best plan. He had the greatest 
confidence however that either a visit to the United States or a serious 
investigation of their tramway statistics would result in discarding 
rope traction in favour of the trolley plan. The latter had some 
important advantages, which mere scarcely realised until the plan 
had been practically studied in other countries than this. With 
regard to speed, for instance, Pro-fessor Ayrton had mentioned 
(page SO) that he had travelled 35 miles outside the city of Boston 
on an electric tramcar at  12 miles an hour. The speed however 
could be much greater : he had himself travelled on a line 36 miles 
long, which ran from the city of Cleveland to the town of Akron ; 
and in the most rapid part of the journey the car was actually 
travelling at the rate of 36 miles an hour. The line was divided 
into four sections, each supplied with current from a separate power- 
house. The cars were carried on two bogies, so that they ran 
easily round sharp curves ; they went up hill and down dale, without 
any attempt at cuttings or embankments. There were two motors, 
driving the two axles of one bogie and placed between them. The 
brake was pneumatic, actuated by compressed air at a pressure of 
25 lbs. per square inch from a reservoir, in which the supply was 
kept up by an air-pump driven by an eccentric on one of the axles. 
A whistle also was connected with the same air reservoir. Sixty 
passengers could be carried in each car. The tramway rails 
weighed GO lbs. per yard, and the joints were crossed, that is, they 
alternated on opposite sides of the road, and they were fished and 
bolted. They were also carefully bonded with copper connections, 
.so as to make the rails act as perfectly as possible as return 
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conductors. I n  
the cities these bogie cars ran round any street corner, that is, the 
tramway curves were laid round any street corner ; the cars certainly 
pulled up a little when they came to the curve, lest their momentum 
should throw them off on the outer side; the exigencies of the 
ordinary traffic did not admit of the outer rail being raised as on a 
railway. Trolley cars went up almost any ordinary ascent ; he had 
been up a rise of one in ten himself, and in Montreal he believed 
they went up as much as one in seven ; but of course with such steep 
gradients i t  became necessary to drive all the axles. Electricity 
drove the car, stopped it, lit it, and warmed i t  ; and even the little 
bells fitted in the car for calling the attention of the driver were 
worked by electricity. I n  local traffic, that is to say from the 
centre of any city to about ten miles outside, the tramways were 
beating the main-line steam railways out and out ; that was simply 
because of their facility for stopping and starting and picking up, 
so that they could convey a passenger almost from the very door of 
the house where he lived in the suburbs to the door of his office in 
the city, and this at brief intervals, and quicker than he could 
perform the journey in any other way. The average speed including 
all stoppages was about nine miles per hour. He was not one of 
those who would advocate putting trolley cars in London streets ; 
London he thought wag about the worst place in which to start 
such a plan. I t  was becoming more and more conclusively proved 
that where there were narrow or crowded streets there was nothing 
like a good pavement and vehicles that could move about in any 
direction, like the new electric cabs; and if tramways were to be 
brought from suburbs into such a city, they must dive down along an 
underground line, or some plan of that sort must be resorted to. But 
for suburban traffic, where there was a good population and where 
the roads were all built up along both sides, he thought there was 
nothing like an electric tramway. No doubt Mr. Raworth was 
right (page 84) in regarding American progress as good deal due 
to a system of trial and error ; and he would have been equally right 
if he had applied the same criticism t o  the progress effected in any 
other countries. No one could look at the earliest locomotive 

There were no fences along the roadsides at all. 
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as it stood preserved in Darlington station, and at the express 
engines of the present day, without being impressed with the vast 
difference, and without realising that it had been brought about to 
a large extent by trial and error. 

I t  was a remarkable achievement to have got a %-foot car on a 
wheel base of only 7 feet ; and it was astonishing to see how large a 
load of people those long cars carried, not only inside, but sometimes 
hanging on the steps all the way, and on the two ends ; and how 
they could run at such a high speed and with safety, and how they 
swung round the corners of the streets. Naturally they were not 
altogether without some disadvantagcs : for instance, the noise the 
gear made as they started and stopped, and the noise of the trolley 
running along the wire, was rather distracting to strangers until 
they became a little accustomed to i t  ; the noise was certainly very 
loud indeed, especially at night, the sound being reflected between 
the houses on opposite sides of the streets. When electricity first 
began to be applied to tramway cars, they did not answer well, 
because the power applied was far too small. From the experience 
of horse cars i t  had been argued that, if a pair of horses were enough 
to pull a car, a 2-horse-power motor ought to be sufficient to do the 
same work; but it was soon found that this would not do at all, 
because neither had the required facility of starting been sufficiently 
taken into account, nor the much greater speed at which the electric 
cars were wanted to travel. No good result was arrived at until 
the power of the motor was brought up to at least 25 horse-power. 

From Table 14 i t  would also be seen how economical was 
electric traction, inasmuch as it appeared that at the ccntral station 
the coal used per indicated horse-power per hour was under 2 lbs. 
on the average for the entire station, including all the steam that 
was used in that central station. I f  all the power for working 
a tramway system spreading throughout a large city, perhaps more 
than a dozen miles in diameter, could be brought from central 
stations like this, where the generating machinery did not consume 
more than 2 lbs. per indicated horse-power per hour, he thought 
i t  must be seen that the electric trolley-wire system on the 
n-hole was a highly excellent one. He thought therefore that 
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English engineers were much obliged to the author for bringing 
this matter before them so well as had been done in the paper, and 
that in this country there was not so much occasion to criticise 
details of engines or other machinery, because there was no doubt 
that engines and machinery were constructed here by various makers 
which would do perfectly well for generating the power, perhaps even 
better than those that were employed in America. But what w ~ s  
wanted to be kept in view in this country was the general question 
why there was such B marked difference between the mode of 
progression adopted in the United States and on the Continent of 
Europe, and that prevailing here. The means of getting about in  
those countries were in his opinion wanted to be a good deal more 
used here than they had been as yet. 

Nr. W. WOXBP BEAUMONT thought that, while many might have 
been attracted by the title of the paper to study its contents, they 
would hardly have expected to meet with so much that seemed to 
him in the nature of platitudes or that might be found in certain 
catalogues. Had the title been “ Some American mechanical 
features of American electric traction,” this would possibly have 
been a more accurate description of its scope. While all were 
anxious t o  learn, English engineers were not always willing to 
accept a dictum as to what was good practice and what was not. 
They were accustomed to think that at all events they knew how to 
make engines that would drive rolling-mills, which were here 
likened to electric machinery for tramways ; and they could equally 
well make them for the other class of work, namely electric lighting. 
I t  would be well to remember that they might have their own 
opinions with regard to what might be necessary for English electric 
tramways. As to why it was that there were SO many hundreds 
of miles of tramways in the United States and SO few here, he 
thought that to a great extent English people might answer that 
it was because they knew better. Firstly, these tramways had not 
been so much wanted hitherto in England, because here there were 
roads such as did not yet exist in America. Secondly, in England 
there had not arisen in every direction the opportunities which had 

I 2  
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been seized in the United States for adopting mechanical aids to 
finance as means of developing the value of land outside cities to 
the utmost possible extent. 

With regard to the use of slow-speed engines fitted with heavy 
fly-wheels, it  appeared from page 74 that serious fly-wheel accidents 
had happened in tramway stations in America. Not long ago he 
had met with accounts of those accidents happening almost every 
week; and they were sometimes exceedingly costly. The fact 
that they had happened so frequently was proved by the ingenuity 
which had been displayed by American engineers in since designing 
wooden fly-wheels, boiler-plate flywheels, and wire-wound fly-wheels. 
Yet it was stated in page 74 that a circumferential speed of ovcr 
90 feet per second mas frequently allowed, whereas in English 
practice it was not considered safe to go beyond 80 feet; and it 
was added that this might possibly be owing to the better quality 
of cast-iron in America. I n  other words, one-eighth was added to 
the speed which was adopted in English practice; then the fly-wheel 
went all to pieces ; and this was cited in proof of the superiority of 
American cast-iron. 

Then with regard to the stresses brought to bear upon the 
engines. If the engines, as pointed out by Mr. Raworth (page 85) ,  
mcre capable of withstanding the stresses that naturally came upon 
them in the ordinary performance of their work, they must be capable 
of withstanding those that came upon them through any of the 
accidents which might happen, unless i t  mere the falling of some 
heavy obstacle into the fly-wheel pit in the station. I n  the event 
of short-circuiting, all the pressure brought to bear, and thc 
resistance that had to be overcome by the moving parts of the 
engine, or in other words the inertia stresses, were not my greater 
than the engines had to bear by the mere admission of the steam 
upon the piston to produce the speed at which they ran. 

In explanation of the success of electric tramways in the States, 
running in competition with railways, i t  should be borne in mind 
that railways ran to certain stations which were more or less distant 
from the cities and from most of their suburbs. I f  the American 
people liked to convert their streets into high-speed goods yards, 
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or rather into badly managed railways, it was a procedure which 
would certainly not find favour in England; and there was no reason 
why tramcars should here be running about the streets at 15 or 20 
miles an hour, merely to show that 60-horse-power motors could 
successfully be -used on a 2-horse-power tramcar ; nor would i t  
be possible to have many such tramcars running through the streets, 
in which a large amount of room was wanted for other traffic. 
In  London no doubt, as in many other cities in the kingdom, a great 
deal more facility for rapid transit was wanted than yet existed; 
but it certainly could not be obtained to advantage by having 
electric tramcars running at 12 or 14 miles an hour through the 
streets, nor indeed was there room for many more cars than were in 
use at the present time, until all horse cars were abolished. 

As to progressing by a system of trial and error (page 84), and 
Mr. Head's suggestion (page 97-8) that it  was by this very system 
that such wonderful progress had been made in English locomotives, 
it  might be worth mentioning that there were locomotives running 
in this country even now, which had been made here thirty-five 
years ago, and were still doing good work. One engine that he 
knew of, which was at work at the present time, had been made 
in 1824, seventy-four years ago : so that, if the adoption of innovations 
had been exceedingly slow in some instances, yet when anything had 
been adopted it had had a reason behind it for its adoption. In this 
country however there were not the same reasons as in America for 
adopting 50-horse-power tramcars in the streets and suburban roads, 
or they would have been adopted before now. 

Sir FREDERICK BRANWELL, Bart., Past-President, said the 
question, why was this country so much behind the United States 
and the Continent in their electric tramways, had been partially 
answered by Mr. Beaumont ; but he would suggest an addition to 
the answer for rendering it more complete. The probability was that 
in the United States, and in most of the countries in Europe, private 
enterprise was not checked by acts of parliament which compelled 
the proprietors of tramways at the end of twenty-one years to sell 
the fruits of their industry and enterprise for the price of old metal, 
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in that may discouraging them from the honest exercise of their 
industry and capital. 

Professor W. CAWTHORNE UNWIN pointed out that in this 
country there was very little practical experience of the trolley 
system of electric traction for tramways. There were a few 
tramways so worked, of which one or two were American built. 
The Americans had had a large experience of the plan, and were 
carrying it on upon 8 scale such as English engineers had as yet no 
experience of here, and with a remarkable degree of success. 
Having been more than once in America, and quite recently, he 
fully appreciated that conditions mere there met with, favourable to 
the trolley system of electric traction, which did not exist at all in 
this country. The first condition was that the population in an 
American town was spread over four or five times the area of an 
equal population in a town in this country. A second condition was 
that there was practically no competing means of locomotion in 
their towns. A third condition, which had struck him forcibly, was 
that there were habits in American towns which did not prevail here. 
In  Boston five or six months ago he had noticed that the tramcars 
on a bright moonlight summer evening were crowded till ten or 
eleven o’clock at night with people who were merely taking a ride 
in order to get fresh and cool air. That was a habit which in our 
climate had not been developed ; and it added Iargcly to the receipts 
of the tramways. The electric trolley system was seen at its best 
i n  such towns as Montreal, where he had spent a day with the chief 
engineer of the tramways ; or Ottawa, where he had also spent a day 
with the managing director of the excellent tramways there. In  
Ottawa there were no very narrow streets, and thosc which were at 
all crowded with traffic did not extend so much as a mile ; and there 
wcre suburbs spreading out and populated thinly, but with a 
population who had to get backwards and forwards daily by means 
of a single direct line with no cross connections. A still more 
favourable condition i n  B town like Ottawa was that the cheapest 
possible power was obtained from the water-power of the river ; and 
the result was that not only were the trams worked with ample 
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power, but they were also lighted in a way in which he had never 
yet seen any tramcars lighted in this country. In the car in which 
he rode on the tramway in Ottawa he believed there were twenty 
16-candle-power lamps. Moreover through the long and severe 
winter the cars were aIso heated electrically, not more economically 
than elsewhere, but much more pleasantly, and without too 
extravagant an expenditure, because the power was so exceedingly 
cheap. In Boston, which was much more like an English town, 
the conditions were somewhat different; and though he had seen 
Boston tramways three or four times he had never got reconciled to 
the ghastly appearance of the trolley wires overhead in the narrow 
streets. In  America he had heard that for years they had been 
looking forward to superseding the trolley wires in such towns as 
Boston by some better plan. Within the last few weeks he 
understood there had been as many as two hundred horses lying dead 
i n  the streets of Boston, killed by the fall of tram wires ; that was a 
pretty severe lesson as to one of the disadvantages of such a plan in 
a crowded city. Unless he was much mistaken, England seemed 
t o  be threatened with an attempt to introduce purely American 
methods of trolley-wire traction. Even so long as half a dozen 
years past he had found the more far-sighted American engineers 
looking forward to superseding the overhead trolley wires ; and while 
he mas in New York a few months ago there were between 2,500 
and 3,000 men at work in the streets there, laying underground 
conduits for working the electric tramways. The engineers believed 
they had succeeded in devising a conduit system which would have 
none of the ordinary objections attaching to the trolley wires. 

Respecting the engines employed in electric-traction statione, 
he thought there could be no doubt that, if the fly-wheel were the 
principal consideration, then short-stroke quick-revolution engines 
possessed great advantages, especially such as had three cylinders 
working on one crank-shaft. Having had some time ago to look 
into a question of engines for electric traction, he had found that 
apparently the light fly-wheels on a Willans engine were virtually 
as effective for the conditions under which they worked as the much 
heavier flywheels placed on some of the long-stroke engines that 
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were used for electric trq~tion in America. The fact seemed not 
to have been appreciated by engine builders in this country, who 
had been accustomed to build long-stroke engines, that, when used 
for the particular purpose of electric traction, long-stroke engines 
wanted fly-wheels much heavier than they had been accustomed to 
provide for the simple and regular driving of cotton mills ; and on 
such engines as were employed in America he considered i t  would 
be unwise to use lighter fly-wheels than were being actually used 
on them. Having had to look into the matter, he had come to the 
conclusion that the way in which the long-stroke slo~-speed engines 
were treated in America as regarded their fly-wheels was perfectly 
right. The statement he believed was somewhat exaggerated that 
fly-wheel accidents in electric-traction stations were happening 
almost every week (page 100); the longest list of fly-wheel 
accidents that he had ever seen was not American, but German. In 
no sort of way did it follow that because a fly-wheel was heavy it was 
therefore dangerous. A heavy flywheel might have exactly the 
same strength as a lighter fly-wheel, provided the rim velocity waa 
the same. There was no reason why a heavy fly-wheel should be 
more dangerous than a lighter fly-wheel. I t  was true that, 
with the enterprising riskiness which sometinies characterised 
American engineering, fly-wheels had been built there which had 
a rim velocity fully twice of what, half a century ago at any rate, 
had been considered in this country the maximum possible rim 
velocity for a fly-wheel. The adoption of twice the rim velocity 
had involved four times the stresses; and this no doubt had 
introduced an element of danger. But because B fly-wheel was heavy, 
it was not obliged to run at 90 feet a second; and there was no 
reason why a heavy fly-wheel should be more dangerous than n 
lighter, if running at the same speed. The whole decision as to the 
kind of engines to be used for driving electric-traction stations 
seemed to him to rest on other considerations than the fly-wheel. 
The question whether long-stroke engines were the best for such 
work he thought had not been quite settled yet; his own leaning 
was rather in the direction of the American practice. Short-stroke 
engines were the most convenient, and for many purposes the 
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cheapest ; but he was by no means yet convinced that the American 
practice of using the long-stroke engines was wrong. 

Professor ALEXANDER B. W. EENNEDY, Past-President, was in the 
unfortunate position of being one of the few Englishmen to whom 
riding in an electric tramcar in America appeared just as agreeable or 
disagreeable as riding in a tramcar anywhere else. He had not been 
in any car that was illuminated by twenty 16-candle-power lamps ; 
those in which he had ridden were not so well illuminated ; in  fact 
their light was always going up and down in a way that was decidedly 
irritating. On various occasions he had had to go carefully into the 
general question of traction by electrical and other methods ; and as 
far aR he could see eIectric traction ought to be treated as a matter of 
general mechanical engineering, and to be dealt with on perfectly 
general grounds. There was no mystery whatever about it, which 
should entail a slavish repetition of whatever had already been done 
somewhere else. Thcre was no such mystery about i t  ; nor was there 
any difficulty whatever in working the dynamos for electric tramroads 
or electric railways with short-stroke high-speed engines just as well 
as with long-stroke slow-speed engines ; he did not say better, because 
that was not now the question. Too many attempts had been made 
to persuade English engineers that what had been done so well and so 
successfully in America was the only thing that could be done anywhere 
else ; and he considered it was high time to recognise that there were 
many other ways of doing the work desired, which he thought were 
quite as good as the way that had been adopted in America and had 
proved there so successful. The alleged difficulty arising from an 
engine being pulled up short really existed mainly in imagination. 
AH engineers concerned with such work had tested high-speed enb’ ornes 
by suddenly throwing the whole load alternately off and on ; and for 
himself he might say, not bnly that he had done this without causing 
the slightest injury to m y  part, but that the speed indicator 
on the driving shaft showed barely any difference whatever. After 
such tests it was really futile to talk about what would happen 
to any particular kind of engine that was not identical with the kind 
which had been used elsewhere. There were plenty of good engine0 
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which did not mind short-circuits, or anything else that might 
suddenly put upon them the maximum load or take the entire load off. 

Mr. ARCHIBALD SHARP said a good deal had been heard about 
fly-wheel accidents in America ; but in this country they were not 
unknown, for within the last two years there had occurred three 
accidents to large fly-wheels, one of them involving great destruction 
of property, in Glasgow, in Barrow, and a few months ago in 
Lancashire. The fortunate circumstance that no lives had been lost 
had proved unfortunate for arriving at the causes of the accidents, 
inasmuch as the fact of their occurrence was consequently known to a 
limited extent only. When a fly-wheel was in motion, the rim 
tended to expand under the action of centrifugal force; and the 
stresses on the rim would depend greatly on the method in which it 
was constrained by the mode of its construction. I n  a freely rotating 
rim with a circumferential speed of 100 feet per second, which was 
above the safe limit, the circumferential tension produced in the 
rim was only 0-47 ton per square inch of its transverse section. 
This he fancied must be the low figure which the author had had in 
mind when stating in page 75 that fly-wheels were running with 
factors of safety varying from 17 to 18 ; such a margin he thought 
must be erroneous. In a large fly-wheel with six or eight arms the 
stresses on the rim were due principally to the bending induced by 
the constraint of the arms. The bending moment on the rim of a fly- 
wheel was proportional to the centrifugal force per foot length of rim, 
and also roughly to the square of the distance between the outer ends of 
two consecutive arms. The tensile stress due to bending was probably 
always much greater than that due directly to the hoop tension : so 
that, in a fly-wheel running with a rim speed of 200 feet per second, 
the hoop tension just before bursting might be lfr tons per square 
inch, while the maximum tension due to bending might be somewhere 
about 73 tons per square inch; consequently on the section of the 
rim just in line with an arm there might be a maximum tensile stress 
of 9 tons per square inch, and a maximum compressive stress of 6 tons 
per square inch. Such conditions of stress were quite unsuitable for 
cast-iron ; in fact they were nearly what would occur in a Hodgkinson 
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cast-iron beam turned upside down. A plate fly-wheel was no doubt 
a good design for a large size, on account of the rim receiving 
practically continuous support; and in this respect it was in the 
same position as a solid disc fly-wheel of small diameter ; but its cost 
must militate against its wide adoption. A fly-wheel designed by 
himself, and shown in Plate 14, which had been tried with a fair 
amount of success, was not of such an expensive construction. It 
had three distinct features. I n  the first place it had numerous 
spokes, so that the unsupported length of rim was small. The wheel 
illustrated had twenty-four spokes : so that, comparing it with a six- 
arm fly-wheel of the same diameter, the stresses due to bending in the 
rim would be only one-sixteenth-or according to Professor Unwin’s 
exact formula* only about one-fourteenth-of those in the rim of the 
six-arm fly-wheel. The second feature was that the nuts at the ends 
of the spokes were all screwed up tight in building the wheel, 
whereby an initial tension was put upon each spoke, and an initial 
circumferential compression upon the rim. The initial compression 
put upon the rim should be made great enough to exceed the direct 
tension due to centrifugal force when the wheel was running. The 
third feature was that the spokes being slender must be made tangential 
to the hub and oblique to the rim, otherwise the wheel would not have 
circumferential rigidity. A direct-spoke bicycle-wheel would be an 
utterly unsuitable construction for a fly-wheel. A subsidiary feature 
of detail mas the method of fastening the spokes to the hub. This 
was done by frictional grip alone. The spokes were made in pairs, 
and the middle of each pair was wrapped half roucd the hub, lying 
in a spiral groove, as shown in Fig. 38. The sides of the gmove 
were inclined at a small angle, as shown half full size in Fig. 40, 
so that any desired amount of wedging action could be obtained. 
I n  the actual running of a flywheel 60 constructed of 10 feet 
diameter there had not been the slightest cause of doubt that 
this mode of connecting the rim to the hub was sufficient. The 
fly-wheel had been designed for a gas engine to run at 180 
revolutions a minute with a circumferential speed of 94 feet per 
second. In  default of exact measurement of the tension applied, 

* &‘ Elements of Machine Design,” twelfth edition, vol. 2, page 190. 
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the endeavour wafi made to tighten up the spokes to an initial 
tension of 4 tons per square inch, which would produce an initial 
compression on the rim of about one-third of a ton per square 
inch : so that, when the wheel was running with a rim speed of 100 
feet per second, the average circumferential stress on the rim would be 
nearly zero, while the stresses on the spokes would be increased to 44 
tons per square inch, and the stresses due to the bending of the rim 
would be only half a ton per square inch for compression and tension. 
An experiment had been made for comparing the efficacy of this 
10-foot fly-wheel with that of an ordinary fly-wheel of 54 feet 
diameter on the same shaft. The records of the experiment were 
given by the Moscrop diagrams shown in Figs. 36 and 37, Plate 13. 
The height of the pencil drawing the diagram corresponded with the 
actual speed of the crank-shaft at the instant, so that the amplitude 
or width of the band drawn by the oscillations of the pencil up and 
down was proportional to the variations of speed from point to point 
during the revolutions of the wheel at an average speed of 150 
revolutions per minute with no load on the engine. The broader 
band in Fig. 36 pertained to tho working of the gas engine under the 
ordinary conditions with two heavy cast-iron fly-wheels, each 54 feet 
diameter and 1,670 lbs. weight. I n  the sccond half of the experiment 
at the same average speed and with no load on, represented by the 
narrower diagram, Fig. 37, one of the ordinary cast-iron fly-wheels 
was taken off, and the tangent-spoke fly-wheel of 10 feet diameter 
and 2,900 Ibs. weight was put on in its place, the total weight of the 
fly-wheels being now 4,570 lbs. against 3,340 lbs. previously, 
whereby the speed variation was considerably reduced, as seen in 
Fig. 37. Approximately the speed variations in the two cases 
were inversely proportional to the moments of inertia of the 
fly-wheel rims. These two diagrams, Figs. 36 and 37, showed 
the effect of mere weight in a fly-wheel, as distinct from its 
efficacy or controlling power. The latter was proportional to its 
weight and to the square of the rim velocity : so that it was to the 
advantage of the steadiness of the engine to have the rim running 
at as high a speed as possible. With a heavy fly-wheel the pressure 
on the bearings, and therefore the total resistance of the engine, was 
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increased, as was illustrated by the fact that with the heavier fly- 
wheels in action, Fig. 37, thirteen impulses per minute were required 
to drive the engine at  no load, whereas with the lighter fly-wheels in 
Fig. 36 only eleven impulses per minute were required. 

Hr. M. HOLROYD SMITH was much struck with what had not been 
said thus far in the discussion, in which i t  seemed to him rather 
curious that, in connection with a paper upon electric traction, 
scarcely any comment had been made upon the mechanical electrical 
details which constituted the larger part of the paper itself; nearly 
all the comments had turned upon some details of the engine, such as 
the fly-wheel. I n  regard to the latter he was glad that attention had 
again been called by the last speaker to a construction of fly-wheel 
which he believed had been previously advocated. Only recently he 
had himself been wishing to have a wheel constructed for road 
carriages with spokes tangential to the hub ; and the idea of attaching 
them tangentially in the way described seemed to him such a good 
one that he should be glad to see if the same principle could be used 
for carriage-wheels as well as for fly-wheels. 

Besides concurring with the reasons put forwasd by Blr. Beaumont 
and Sir Frederick Bramwell why electric traction had advanced so 
rapidly in the States and so little in  this country, he wished to draw 
attention to one feature that had hardly been noticed, namely the 
abominable condition of the ordinary roads in the States. I n  one of 
the principal streets in Philadelphia he remembered seeing the 
tramway rails for lengths of twenty yards standing above the ordinary 
street level to a height which by measurement he had found to be fully 
si inches. In  explanation of such a circumstanceit must be borne in 
mind that in the States there was not any Board of Trade order 
requiring the use of grooved rails; the rails used in America 
were edge rails, somewhat similar to those used on railways, and 
presenting such a ridge above the road level that no carriage could 
cross, except at  an angle approximating to a right angle, without 
tho wheels skidding. Such B construction, it was hardly necessary 
to say, would not be permitted for English tramways. I n  
corroboration of Professor Unwin’s reference (page 102) to the 
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use frequently made of tramcars in America in ways which 
would not be dreamed of in  this country, he had himself 
noticed that it waR there the practice for any one to hire a tramcar 
for a picnic or simply for a ride, and to have it decorated with 
electric lights all over, and to take a party of friends for a high- 
speed trip out into the country and back again. Such a practice was 
hardly likely to come into vogue here. 

In the electrical details dealt with in the paper and partly 
displayed in the diagrams, he considered there was just as much 
room for criticism as there was on the question of fly-wheels and of 
high-speed compared with slow-speed engines. In  Table 4 he 
enquired what was meant by construction and equipment ; did this 
item apply merely to the construction of the electrical apparatus and 
to the electrical equipment, or did it apply to the entire construction 
of the tramway itself? And could any satisfactory explanation be 
given, why some of the trolley wires had recently come tumbling 
down in Boston (page 103) and slaughtered two hundred horses ? An 
American witness before a committee of the House of Commons h5d 
positively asserted that there had been absolutely no electrical 
accident with any of the trolley wires in America. When asked 
what had been the cause of about forty people having been killed at 
the termination of the Brooklyn line, he had answered that i t  was 
not an electrical accident at  all ; it was simply the breaking of the 
trolley wires, which was a mechanical accident. With regard to the 
Boston accident, it  would not be satisfactory to receive a similar 
answer that it was not due to the overhead trolley wires, but was 
simply due to the snow; and he was sure the author would not 
desire to meet the enquiry with any such answer. 

Mr. CHARLES H. GADSBY noticed that in the construction of the 
poles (page 48) it was stated that the joint was made by heating the 
larger tube to a welding heat, slipping it over the smaller tube, and 
then passing the two between rollers, and that they were found to be 
thereby welded together solidly. How a hot tube could be welded 
on a cold one by that method, or how any hot piece of metal could 
be welded on a cold piece, he could not understand. An important 
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mechanical feature of electric traction he considered was the matter 
of wheels, which he regretted had not been dealt with more fully in 
the paper. The wheels for the electric cars in America differed 
from those used in this country ; practically all of them were cast-iron 
wheels with considerable chill on the tread. An important point in 
American practice was that these wheels were never keyed upon their 
axles. In this country experience based on locomotive work had led 
to keying the wheels on the axles ; but American practice had shown 
that this was unnecessary. The absence of keys was a great 
advantage where frequent renewal of the wheels was necessary ; 
when properly bored they were quite secure without keys, if put on 
by about 30 tons hydraulic pressure. Respecting the unsightliness 
of overhead trolley wires, it was a curious fact that almost all 
the deputations sent by corporations in this country to the Continent 
and elsewhere to report upon the overhead system, with the one 
exception he believed of the Birmingham deputation, had reported on 
their return that after a few days’ familiarity with overhead wires 
they saw no objection whatever to them from an resthetical point 
of view. As to the construction of conduit systems in New York 
(page 103), there was no difficulty whatever in designing a conduit 
which would fulfil all the conditions required in this country except 
one, namely that of finding the money to lay it, inasmuch as a 
conduit involved an outlay of from S15,OOO to S20,OOO a mile for 
roadwork alone. 

Mr. CHARLES DAY noticed in page 71 a sort of comparison of 
electric-traction engines with those of rolling mills ; and some 
particulars of each class were given in Tables 12 and 13, from which 
the deduction intended to be drawn seemed to be that electric- 
traction engines were made much heavier than rolling-mill engines. 
But in Table 13, pertaining to  rolling-mill and other continental 
engines, he certainlyfound that the dimensions given were much less 
than those adopted in English practice ; and he should have liked 
a comparison of the American engines with English engines of the 
same class, not necessarily driving electric-traction stations, but of the 
same general type : that is, a comparison of American long-stroke 
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Corliss engines with similar English engines. From the few data 
given-only the cylinder diameter, the stroke, and the size of t,he 
bearings-a clear idea could not be formed whether these were large 
or small bearings ; all that could be said was that they appeared to 
be small, much below English practice for rolling-mill engines, and 
also below that for cotton-mill engines. The total loads upon 
the bearings were not given, so that the bearing pressures upon them 
could not be worked out. Similarly in Table 12 referring to the 
electric-traction engines, the kinds of engines were not stated, and the 
total loads upon the bearings were not given ; only the total weights 
were given, and the sizes of the bearings. In  this incomplete form he 
thought these two tables were liable to mislead ; their intention 
seemed to  be to convey an idea of great extra weight in the electric- 
traction engines, but he thought they could not be taken as proving 
this. The best modern Corliss engines for driving cotton mills he 
bclieved would be found to be of fully the same total weight as these 
electric-traction engines. In  such electric-traction engines as those to 
which Table 12 applied, he recognised that the crank-shaft bearings 
must necessarily be larger than in cotton-mill engines, not for any 
reason of greater strength, but simply in order to give the necessary 
bearing area to carry the weight of the larger flywheel and also 
the weight of the generator, the latter forming a big item. I n  
designing engines for cotton mills, it  was necessary in deciding the' 
diameter of the crank-shaft to  consider not only the stresses on 
the shaft necks due to the driving of the shaft, but also the dead- 
weight bearing pressure on the bearings ; because if these bearings 
were kcpt too small, they invariably occasioned trouble with hot 
necks. Therefore one of the conditions under which the crank- 
shaft necks had to be designed was to meet the dead weight 
they had to carry ; and consequently electric-traction engines, 
which carried much heavier weights than any rope-driving or 
similar engines, ought t o  have bigger bearings. In the weights 
of engines given in Table 12 he should like to  know what proportion 
occurred in the fly-wheel, the crank-shaft, and the generator : in 
order that it might be seen how far the engines themselves were 
heavier than engines of the same type built for other purposes. 
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Mr. HAROLD LOMAS in the absence of the author replied to Mr. 
Holroyd Smith’s enquiries, that the report of two hundred horses 
having been killed in Boston by exposure and by the falling of trolley 
wire (page 110) had appeared in an American newspaper ; but no 
information had been received as to the exact amount of trolley wire 
which came down, nor did he know how severe the storm had been. 
The temperature he expected had been much below what was ordinarily 
experienced in this country; and it  was possible that the breakage 
of any trolley wires might have been due to extreme cold. I n  
Table 4 the figures given for cost of construction and equipment 
(page 110) included poles, trolley wires, insulators, erection, and track 
construction. 

The PBIWIDENT invited the Members, in the absence of 
Mr. Dawson, to pass a hearty vote of thanks to  him for the trouble 
he had taken in preparing this valuable paper. I t  had elicited 
an interesting discussion, in which i t  had been severely handled. 
Nr. Mark Robinson had advocated high-speed engines, as against 
low-speed engines with large fly-wheels. Mr. Head had given some 
valuable information about American tramways worked electrically, 
and about the special circumstances existing in that country as 
contrasted with this country. Mr. Beaumont had criticised 
unfavourably the American electrical tramway practice as compared 
with the English. Sir Frederick Bramwell had referred to the 
parliamentary restrictions in this country as limiting and checking 
private enterprise in tramways, in contrast with the freedom enjoyed 
in America. Professor Unwin had protested against undue adverse 
criticism of details, and had given instances of electrically driven 
tramways in Ottawa and Boston, and had expressed himself satisfied 
with the American long-stroke engines having heavy fly-wheels, 
whilo admitting that short-stroke engines were most convenient. 
Professor Kennedy had maintained that there was no difficulty in 
working tramways with high-speed engines just as well as with slow- 
speed engines. Mr. Sharp had dealt with strains in fly-wheels, and 
had advocated tangent-spoke fly-wheels of special construction with 
numerous spokes. Mr. Holroyd Smith had commented on the 
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tramway rails and roads in America ; Nr. Gadsby on the poles and 
the tramcar wheels ; and Mr. Day on the dimensions of the bearings 
and shafts in American practice as compared with English practice. 
To these comments, as well as to those in  the previous discussion, 
the author would send his reply. 

Mr. E. HILBURN SCOTT wrote to ask the author’s opinion as to the 
relative merits of the Eickemeyer and the barrel form of armature 
winding: whether the consequent pole construction, as in the G.E. 
800 motor (page 66), was better or worse than having four separate 
field coils ; and also whether there was any advantage in laminating 
the field poles. The G.E. 52 motor, which he preferred to the 
G.E. 800, appeared however to be rated on a different method, and 
not by the torque exerted at the circumference of a 33-inch wheel. 
Having recently had an opportunity of examining some of the thirty- 
three motors which were being built at  Wolverhampton for the 
Halifax tramways, he considered that in general appearance and 
proportions they mere at  least equal, and in finish superior, to 
anything he had yet seen which had been turned out abroad. Until 
they had been at  work some time, any opinion upon their running 
properties would be premature; but if they gave satisfaction upon 
the Halifax gradients, they would have passed through as severe a 
test as a car motor could well be put to in this country. 

Mr. DAWSON wrote that the object of the paper had been simply 
to lay before the Institution what had been done in the field of 
electric traction in other countries, as unfortunately so little had yet 
been accomplished in this country, and the work which had already 
been done was comparatively recent only, and therefore no 
conclusions could be drawn therefrom. Practically both in America 
and on the Continent of Europe a large number of electric lines had 
been equipped, and engines of many different classes had been tried ; 
and as the result it had there been found that comparatively slow- 
speed engines, heavily built and with heavy fly-wheels, were required 
to give good service. The question as to engines, raised by both 
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Mr. Crompton (page 78) and Nr. Raworth (page 84), was one on 
which the greatest authorities disagreed, both in this country and 
elsewhere; and practice alone would decide the points at issue. 
As the largest examples of electric traction were found in the 
United Rates, i t  was from experience there gained that thc 
conclusions embodied in the paper had been drawn. Furthermore 
the most important developments of electric traction in this country 
had been carried out on the lines of American practice, and had 
given the greatest satisfaction. I f  some of the eminent builders of 
slow-speed engines in this country had taken part in the discussion, 
it would not have appeared as though the only engines built or used 
here were of the high-speed kind, which was by no means the case. 
From some of the criticisms offered respecting the slow-speed engine, 
i t  might almost seem as though the high-speed engine alone 
represented English practice, and that the slow-speed engine was 
distinctively an American product. On the contrary however some 
of the most successful traction and lighting stations in this country 
were driven by slow-epeed engines of English build. Two examples 
of such traction stations were the City and South London, and the 
Liverpool Overhead. Moreover for the Central London Railway now 
under construction the most careful consideration and examination 
of existing examples and promised performance had led to the 
decision to use slow-speed engines. The 1,500 horse-power high- 
speed engine for Liverpool, cited by Mr. Nark Robinson (page 93), 
would not seem large compared with the five compound engines, 
each of 5,000 horse-power, now being built for the Metropolitan 
Railway of New Pork, which would be directly coupled to 3,000 
kilo-watt generators ; they had 60 inches stroke, with 47-inch high- 
pressure and 87-inch low-pressure cylinders, and were to run at  75 
rcvolutions per minute with 160 lbs. steam pressure, having fly- 
wheels weighing 120 tons each. Nothing had been said as to total 
steam consumption, and he thought high-speed engines would find 
i t  difficult to do better than 12 lbs. of steam per I.H.P. per hour 
during regular running, not during a test, which was the consumption 
guaranteed in several instances by the Edward P. Allis CO., of 
Milwaukee. 
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I t  was because this country had been invaded by American 
engineers and their practice that he had tried to put forward the 
conclusions arrived at in America, where experience had been 
acquired and paid for during the last ten years, while this country 
had only just started upon her career in electric traction; and it 
was desirable to profit by others’ experience, and to improve upon 
their methods. Other things being equal, English engineers could 
undoubtedly do as well as foreigners (page 78), if not better ; but 
i t  was essential that they should first study what had been dono 
elsewhere. Both in America and on the Continent the views of 
Mr. Crompton, who had done so much for electric lighting, had 
formerly been held, in regard to the same kind of engine being 
suitable both for lighting and for traction ; but they had since had 
to be discarded. I n  electric lighting the superiority of this country 
had not been questioned ; and if we took care to  learn first from the 
experience which had been gained elsewhere, there was no doubt 
that in a few years we should have as fine electric-traction stations 
as were to be found anywhere. The following five were the only 
electric-traction stations he knew of, which were driven by high- 
speed engines running faster than 200 revolutions per minute :- 
Balls Bridge (Dublin) first set of machinery ; Hartlepool ; Liverpool; 
Bradford; City and Waterloo. On the other hand the following 
eighteen were or mould be driven by slow-speed engines not 
exceeding 200 revolutions per minute :-Balls Bridge (Dublin) 
extension ; Clontarf (Dublin) ; Dublin, new ; Cork ; Bristol ; 
Sheffield ; North Staffordshire ; South Staffordshire ; Dover ; Leeds ; 
City and South London ; Central London ; Middlesbrough ; 
Glasgow ; Liverpool Overhead ; Coventry ; Norwich ; Isle of Man. 
Figures in substantiation of the superior advantages of high-speed 
engines would have been of much interest and value at  the present 
time, when he not infrequently found that the conditions laid down 
in what were considered to be standard specifications were regarded 
by engine builders as too rigorous. 

I n  explanation of the changes which had had to be made in tho 
generating station in Boston (page 81)’ it should’be noted that at  the 
time it was first equipped the design and construction of dynamos 
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were not well understood, and it  was considered impracticable to 
build any but small high-speed generators. Not only in America 
but also in Europe tramway experience had led to the conclusion 
that slow-speed engines were the only proper plan for working 
economically and with good results generally. There might be 
exceptional cases where first cost was the main consideration, or 
where the site of the generating station was so confined that there 
was not room enough for any but high-speed engines. Absence of 
shocks in engines supplying electric power (page 84) was contrary 
to the experience of all large electric-traction stations. It might be 
realized in an engine running at n very high speed with no %y- 
wheel ; but unfortunately such an arrangement would never give 
satisfaction. Even in the largest stations momentary sudden increase 
of load was always taking place, and the engine8 must be able to stand 
sudden momentary overloading ; hence the absolute necessity for a 
fly-wheel, without which the engines would have to be kept running 
much underloaded in their regular work, and therefore far from 
economically. 

If properly designed, a large fly-wheel, as pointed out by 
Professor Unwin (page 104), would not be more dangerous than a 
small one running with the same rim velocity. I n  the experience 
of the Edward P. Allis Co., who had constructed hundreds of 
engines and the largest fly-wheels, he was informed that not a single 
fly-wheel accident had occurred with any one of their engines. 

As regarded the need of governing engines within a small 
percentage of uniform speed (page 85), this was absolutely 
necessary where compound-wound continuous-current dynamos were 
running in parallel. If the speed of such dynamos varied too greatly 
from their normal rate, the current through the equalizing bars 
would become excessive, and it  would be difficult to keep the 
dynamos running properly ; besides which there would be a waste of 
power. If the difference in speed between the machines became too 
great, one of them might even be reversed. Where polyphase 
generators were used, it was easy to see the necessity of running 
as nearly as possible at the normal speed without variation, because 
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otherwise there would be a great danger of the dynamos getting 
out of synchronism. This was so far realized that many builders 
of polyphase machinery undertook that the maximum variation of 
the angular velocity during one revolution should never exceed half 
of one per cent., and in many instances a quarter of one per cent. 
was the limit assigned. There would be only one way to prove 
that these views of practical builders were wrong, and that would 
be by having reliable tests made on the different kinds of engines 
giving different closeness of regulation, the tests on both engines 
and dynamos being made by disinterested persons and not by the 
builders themselves. I t  was owing to the necessity of having so 
small a variation in speed, and of yet being able to supply power 
momentarily, that fly-wheels had to be made so heavy ; consequently 
the engines mere subjected to severe shocks, and had to be 
proportionately much heavier than those built for ordinary electric 
lighting. Over-compounding, as carried out for the dynamos used 
for elcctric lighting (page 86), was nearly always adopted for 
electric traction, for which most of the compound generators were 
over-compounded 10 per cent. 

There were two reasons for making poles in three lengths of 
straight pipe, instead of rolling them taper in a single length as 

recommended by Mr. Chambers (page 87). The first was because it 
had been found cheaper in practice to make poles in three lengths than 
to make a single taper length ; the second, because where brackets were 
used a taper pole fixed absolutely the particular height at which 
the bracket had to be placed, and the bracket could not afterwards 
be shifted up or down on the pole wherever it might be found more 
suitable. The taper poles also rendered the cost of manufacture of the 
brackets more expensive, inasmuch as these had to be made and fitted 
more carefully than where they were fixed to poles constructed of 
parallel tubes. These ornamental poles used for electric tramways 
were not fixed in cast-iron bases, but were sunk six feet in the ground, 
the hole being filled in round with concrete. Practice had proved 
that poles made in three lengths, and jointed afterwards when they 
were being erected, never gave satisfaction for electric tramways. 
Moreover standard poles made as described in the paper were 
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supplied from America at  just over one penny per lb. ; and as their 
weight for standing strains from 500 to 2,000 lbs. varied from 400 
to 1,900 lbs., it  would be found that American prices were little 
more than half of English. 

The test for the poles, commented upon by Mr. Harris (page 
SS), was that imposed in England, and was considered satisfactory 
by the engineers responsible for the acceptance of the poles. 

In  connection with Mr. Mordey’s remarks (page 88), he would 
suggest that it was desirable not to under-estimate our American 
competitors, who in the particular subject of electric traction had 
had more experience than anyone else; from their failures and 
successes we might try to learn how to do better ourselves. 

Upon the subject of fly-wheels it was clear that Mr. Robinson’s 
views (page 91) did not agree with those of Mr. Raworth. I f  the 
fly-wheel on an engine used for electric traction was required to be 
heavier than on the same engine used for electric lighting, i t  seemed 
to be implied that in the former case the engine was subjected to 
greater shocks, and that therefore its frame and working parts must 
be made stronger than for electric lighting. But it was a mistake 
to speak of high-speed engines as though these were the more 
prevalent in this country, and of slow-speed as though they were 
a foreign product. On the contrary tho high-speed engine was of 
relatively recent origin here, and could not yet compare in extent 
of adoption with the large slow-speed engines turned out by many 
eminent builders. Alongside the one high-speed electric-traction 
engine of 1,500 I.H.P. ordered for the Liverpool tramways (page 93) 
should be placed the more interesting example of the Liverpool 
Overhead Electric Railway, which had proved such a great success. 
This was probably the largest example of electric traction as yet to  
be found here, and it had been working now for several years. It 
comprised some remarkably fine engines, all of which were slow- 
speed; and in  all the extensions which had subsequently been 
made the new engines had been of the same kind. 

The means of rapid and comfortable transit, Mr. Head was 
right in representing (p8ge 95), were hardly yet rated at their 
p p e r  value in this country; and the great success attending 
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electric traction in America went far to indicate that here also there 
was a vast field for its successful adoption. 

The title of the paper might indeed fairly have been that 
suggested by Mr. Beaumont (page 99). For was not America the 
only country which had as yet had any large experience in electric 
traction? What was there hitherto in England or in the rest of 
Europe to show in comparison ? Probably in a few years no one 
would think of saying that the paucity of electric tramways in this 
country was owing to the English peoplo knowing better. Already 
the large towns he had previously enumerated (page 116) were 
adopting electric traction upon an extensive scale, and many others 
had decided to follow suit. For transforming the crowded streets 
of English cities from their present condition of omnibus yards, 
English tramway engineers had long ago got over the fallacy that 
a two-horse tramcar could be successfully driven by a 2-horse- 
power motor (page 101) ; they fully recognised that small motors 
were useless, and that great reNerves of power were required. Steam 
locomotives with their history of nearly a century (page 101) could 
hardly be brought with fairness into comparison with electric 
traction, which as yet bad a practical history of onIy about ten 
years. 

Notwithstanding the way in which, as pointed out by Sir 
Frederick Bramwell (page lOl), English enterprise in  tramways 
was checked by the tramways act of 1870, electric traction was 
already advancing here by leaps and bounds. 

I n  respect to the ugliness of the trolley wires, noticed by 
Professor Unwin in the narrow streets of Boston (page 103), 
American construction had certainly been much improved upon in 
this country. What was known as the Dickinson side trolley, 
which had been adopted by himself on a large number of lines, had 
done much to make the overhead wires not half so unsightly in 
English towns as they were in many American cities. 

The accident stated to have been caused in Boston by the trolley 
wires (pages 103 and 110) had happened during a blizzard, wben 
for nearly ti week no trains could get in or out of Boston, and snow 
lay so deep that for scme days people were practically confined to 
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their houses. The trolley wires had probably fallen, just as all the 
telegraph and telephone wires had fallen, owing to the violence of 
the blizzard, which in this country was fortunately almost an 
unknown visitant. 

The dimensions of the rolling-mi11 engines in page 71 were 
given only to show that engines for electric traction resembled in 
their weight and design rolling-mill engines (page 111) much more 
then they resembled electric-light engines. As to the dimensions of 
slow-speed long-stroke engines used for electric traction (page 112), 
the following conditions had been found to produce good results, 
and were generally adopted in American tramway practice. The 
dimensions of the bearings, piston rods, crank pins, front frame, and 
cross-head pin, were always designed as if thcy were for an engine 
intended to work under a constant load and having cylinders from 
2 to 4 inches larger in diametcr than those of the actual engine 
about to be used. For the fly-wheel capacity a simple rule was to 
take the total indicated horse-power at which the engine was rated, 
for speeds ranging from 140 down to 75 revolutions per minute, 
and to allow from 60 to 100 lbs. weight in the fly-wheel per I.H.P. 
For the fly-wheel shaft it  was always preferable not to have more 
than two bearings; and from the weight of the fly-wheel and 
armature was obtained the size of the shaft, and thence the diameter 
of the bearings. The length of the bearings was got from the 
consideration that the pressure on the projeoted area of the bearing, 
that is the diameter multiplied by the length, was never under any 
circumstances to exceed 200 lbs. per square inch, and should 
generally be somewhere about 150 lbs. The piston speed should 
not be higher than 750 feet per minute. The diameter of the fly- 
wheel was determined from the highest rim-speed allowed. When 
the wheel was properly designed, and constructed of the best Cast- 
iron or semi-steel, the rim speed was about a mile a minute; and 
under such conditions it was found that the fly-wheel had a 
co-efficient of safety of from 10 to 15. The semi-steel used for 
fly-wheels built by the Edward P. Allis Co. had a tensile strength 
up to 33,000 lbs. or nearly 15 tons per square inch. Upon the 
crank pin and the cross-head pin the pressure per square inch of 
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projected area should never exceed 1,400 lbs., and it was better to 
keep it down to 1,000 lbs. I n  order to afford some iden of typical 
engines used for electric traction, Table 16 gave the leading 
dimensions and weights of four Corliss engines recently erected for 
this work. 

TABLE 16.-Dirnensions and Weights 
of four Compound Condensing Corliss Engines recently erected. 

H =Horizontal with cranks at right angles. 
T= horizontal Tandem with single crank. 
V=Vertical with cranks at right angles. 

Description ofengine . . . . . 
Revolntions per minute . . . . . 
Diameter of High-pressure oyl. inches 

,, ,, Low-pressure cyl. inches 

Lengthof stroke . . . . .inches 

Fly-wheel, diameter . . . . feet 

weight . . . . (ton; Ibs 

Shaft diameter . . . . . inches 

Journals, diameter and length inches 

Crank pins, ,, ,, ,, inches 

Cross-head pins, ,, ,, iuches 

Rated power of dynamos kilo-watts 

,, ,, ,, engine . . . I.H.P. 

Weight of engine, tots1 . . . (tons lbs. 

,, 

- 

H 
75 

32 

62 

60 

24 

.50,00( 
67.0 

26 

22 x 42 

11x11 

10x10 

1,500 

2,100 

j37,00( 
239.7 

T 
80 

28 

52 

48 

20 

.20,000 
53.6 

23 

20 x 36 

10 x 10 

10 x 10 

800 

1,200 

308,000 
137.5 

V 
100 

23 

46 

48 

18 

70,000 
31.2 

21 

18x36 

64 x 64 

61 X 64 

800 

1,200 

300,OOC 
133.9 

H 
140 

18 

23 

42 

16 

53,000 
23.7 

20 

16x28 

7 x 7  

7 x 7  

300 

500 

203,00( 
90-6 

The general conclusion in regard to engines suitable for electric 
traction might be summed up by saying that, owing to the 
fluctuation in the load, a certain amount of energy must be stored 
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up in the fly-wheel to be given out whenever required. Naturally 
the higher the speed of the engine, the smaller would be the weight 
of fly-wheel required. Owing to the small variation allowable in 
speed if compound-wound dynamos were to run economically, the 
weight of the fly-wheel had to be such that it would give out 
momentarily the extra power required, without falling below the 
number of revolutions per minute corresponding with the maximum 
variation allowed in speed, which was about 2 per-cent. bhl, that is 
1 per cent. on either side of the mean. 

The adoption of slow-speed or of high-speed engines was 
altogether a matter of economy. The original cost of a slow-speed 
engine was naturally rather higher than that of a high-speed for 
doing the same work ; but the mechanical efficiency of a slow-speed 
engine was greater than that of a high-speed, and its steam 
consumption was less. Furthermore the depreciation of B slow-speed 
engine would be less than of a high-speed. Moreover, should anything 
go wrong in a slow-speed engine, it  might be discovered in time to 
stop the engine before any material damage was done; whereas in a 
high-speed engine this was less likely, and the engine might go to 
pieces before it was discovered that anything was wrong. 
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Fig. 11. Ptan. 
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Fig 13. Transverse S ~ W .  
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Fig 17. Nose S q h .  

Fig 18. 

ELECTRIC TRACTION. 

Suspension/ of Motors. 
Fig 19. S&-Bar S i m w .  

Fig 20. 
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Fig 29. & w a L  Ekxtrrk 800 Motor, rated. 25 horse-poww, 
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N? 46 Motor, 500 voZts, rated 25 hm=o-powver. 
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0 2 4 6 8 10 12 14 16 18 20 22 2+ 26 28 30 32 94 36 38 40 
M* 

M O S O I - O ~  Recorder Dzagrams 
h o r n  Gas Engine running Zzgh at 150 revoZuZiam per minzLte. 

Fig 36. T w o  C a s t , - I r o w  F l y - W W  5* feet- &oxruw%r. 

wqkt. of Rims 1470 + 1470 = 2940 Zhs. 

T O ~  Weight o f  Wheel/s 1670 + 1670 = 3340 Z&s. 

Eleven imlpu2se;r per w. 
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Fig 3f 

ELECTRIC TRACTION. P h  14. 
Hih-~peed .  T ~ e n t . - + + p ~ b  F ~ / - w M .  
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